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PROGRAMME 


Monday  5th  September 

H.  Klapper  ()peninf> 


it.  Hiidebrandt 

( in\  ited) 

I'larly  expcriinenlal  prnols  ol  iIk‘  (iMuanieal  ihcoi\ 

P-  7 

fMA  S,s 
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1  invited) 

l  opoeraphy  in  mak:iK'iism  dnmaiit  ami  phase  tiaiisiiKMi 
itn  estiu.itiuns 

p,  S 

ni.u) 

(  itff  i't'  lircak 

1 1  (III 

J.  Baruehel,  P.Keiiiiankova 

1  iin  lied ) 

Diltiaelion  iDpugraptiie  invesimalions  nl  ii\si.ils  iiiulei 
apiilieil  ck-ctiK  liekls 

p.  b 

1. 1,.  Smolsky 

Depcrulencc  ut  defeet  arrungemenl  in  eryslals  on  surface 

( iiu  lied  I 

morphology  and  on  condilnuis  of  growth  fn)m  solution 

p.  10 

/ 1.45 

M.  Polearova.  AXJeorce.  .I.Bradler.  A  Jacuues. 
J.Ciemperlova 

(invited) 

Interaction  of  slip  bunds  with  grain  boundaries  -  observation  by 
white  beam  SR  topography 

p.  11 

12. 10 

SJ.  Barnett.  A.M.Keir.  A.G.Cullis.  A.D..lohnson 

(invited) 

In-situ  X-ray  topography  studies  during  the  MBE  growth  process 

of  InGaAs  strained  layers 

p.  12 

/2..?5 


Lunch 


14.00 

L.  Tapfer 

Double-  and  triple-crystal  X-ray  dilTraction  analysis  of 

(invited) 

semiconductor  quantum  wires 

p.  13 

14.20 

P.  F.  Fewster.  N.L. Andrew 

(invited) 

Applications  in  multiple  crystal  diffractometry 

p.  14 

14.40 

P.  Kidd.  P.F.Fewster,  N.L.Andrew 

Interpretation  of  the  diffraction  profile  resulting  from  strain 

(invited) 

relaxation  in  epilayers 

p.  1 5 

14.55 

C.  Ferrari 

Study  of  thin  buried  interfaces  in  Ill-V  ctmipound  hetcM'o- 

structures  by  high  resolution  X-ray  diffraction 

p.  1() 

15.15 

.I.C.  Bilello.  Steven  M.  Yalisove.  ZoHa  1).  Rek 

Texture  evolution  in  thin  films  and  multilayers  via  synchrotron 

(invited) 

topography  and  GIXS 

p.  17 

/5..?5 

G.  Kowalski 

X-ray  double  crystal  technique  as  a  tool  I'or  point  like  defect 

(invited) 

study 

p.  IS 

15.55 

Poster  Se.ssion 

19.00 

Dinner 

20.00 

Poster  Ses.sion 

Tuesday  6th  September 


OS..W 

V.Holv,  T.Baumbach 
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Surface  and  interface  sensitive  X-ray  scattering 

p.  19 

09. 15 

D.K.CT  de  Boer 
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X-ray  refleclometry  from  samples  with  rough  interfaces 

p.  20 

09.55 
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Surface  melting  i)f  ice  revealed  by  glancing  angle  X-ray 
scattering 

p.  21 

09.55  M.Nakanishi.  O.Sakata.  H,  Hashizume  (invited) 

X-ray  determination  of  surface  roughness  of  polished 
silicon  wafers  p,  22 

H).  15  T.  Salditt.  T.H.Metzger,  J.PeisI 

Nonspecular  X-ray  scattering  of  interfacial  roughness  in  single- 

and  multilayers  p.  23 
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New  dynamical  effects  in  X-ray  standing  waves  methods  p.  24 
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High-resolution  triple  crystal  diffractometry  with  100  keV 
synchrotron  radiation  p,  25 

/ 1.40  A.  Snigirev 

High  energy  X-ray  microscopy  based  on  Bragg-Fresnel  crystal 
optics:  principles  and  some  applications  at  HSRF  p.  26 
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X-ray  topographic  investigation  of  quasicrystals  p.  27 

12. 15  D.V.  Novikov.  M.Ohler,  F.N.Chukhovsky,  R.Kdhler, 

(i.Matcrlik 

Observation  of  defects  in  crystal  surface  layers  by  GID  X-ray 
topography  p.  2H 

12.50  I  Much 
14.00  Y.  Fpelboin 

Simulation  of  white  beam  synchrotron  topographs  p.  29 

14.15  R.  R.  Reeber  (invited) 

Tw'inning,  phase  transitions  and  crystal  growth  studies  from 

100  to  HOOK  p.  30 

14.55  B.Capelle.  A.Zarka,  J.Detaint,  J.Schwartzel,  E.Philippot, 

J.P.Denis 

Study  of  piezoelectric  materials  and  piezoelectric  devices  by 

X-ray  topography  p.  3 1 
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I4.:)()  B.  .lenichcn.  H.Neuroth,  B.Brar,  H.Kroemer 

Investigation  of  slruetural  properties  of  InAs/AlSb  superlattices 


by  X-ray  methods 

p.  32 

15.05 

K.  Kohler,  BJenichen.  H.Raidt.  C.  Bauscr.  N.Nacel 

Vertical  stress  in  LPE-Si-layers  on  SiO^/Si  evaluated  by  X-ray 
double  crystal  topography 

p.  33 

15.25 

Poster  Session 

IH.OO 

Start  for  Dinner  on  Boat 

Wednesday  7th  September 


0H..W 

R.Barrett,  .I.Baruchel,  J.Hartwi^,  F.Zontone 

Present  status  of  the  fiSRF  topography  beamline 
-  new  experimental  results 

(invited) 

p.  34 

00.15 

T.  Ishikawa 

High  resolutiim  X-ray  optics  for  the  3rd  generation  synchrotix>n 
radiation 

p.  35 

00.40 

C.  Giles,  C.Malfiranee.  .l,Guulun,  F.de  Bercevin.  C.Vettier, 
A.Freund,  E.Dartyge,  A.Fontainc,  F.Baudelet,  S.Pizzini 

X-ray  phase  plates  for  synchrotron  radiation 

p.  36 

10.00 

.1.  Stephenson 

Optimised  rdlectivities  for  diamond  single  crystals 

p.  37 

10.20 

Coffee  Break 

n.oo 

E.  Forster 

X-ray  crystal  optics  for  diagnostics  and  applications  of 
laser-produced  plasmas 

p.  38 

n.20 

A.  Freund 

Synchrotron  X-ray  optics  experience  at  the  ESRF 

p.  39 

11.40 

U.  Pietsch 

Depth  resolved  analysis  of  strain  profile  in  semiconductor 
superlattices  using  X-ray  grazing  incidence  diffraction 

p.  40 

.s 


12.00  R.N.  Kvutt.  S.S.Ruvimov.T.Argunova.  N.N.Faleev  (invited) 

X  -ray  triple  crystal  diffractometry  characterization  of  delects 
in  lattice  mismatched  epitaxial  structures  p.  41 

12. 15  G.  T.  Baumbach.  M.Gailhanou,  P.Mikulik,  M.Bessiere 

High  resolution  X-ray  diffraction  from  epitaxial  multilayered 
surface  gratings  p.  42 

12.50  Lunch 

14.00  A.  R.  Lang  (invited) 

Hxploitation  ol'  n-heam  dynamical  effects  in  pseiido-Kossel 
diffraction  patterns  of  nearly  perfect  crystals  p.  45 

14. 15  E.  A.  Beliacvskava,  V.N.Ingal,  P.V.Petrashen  (invited) 

The  study  of  transmission  phase  contrast  (4'  mm-erystalline 

objects  with  a  high-resolution  X-ray  diffractometry  p.  44 

14.55  R.l.  Matyi 

wStuctiiral  characterizatit)!!  of  GaAs  grown  at  low  temperatures 
(LT-GaAs)  by  molecular  beam  epitaxy  p,  45 

14.50  A.  IberK  H.Gobel.  H.Heinecke 

Characterization  of  lll/V-heterostructurcs  grown  by  selective  area 
epitaxy  using  double-crystal  X-ray  diffractometry  with  high  lateral 
resolution  p.  46 

15.05  E.  Koppcnstciner,  A.Schuh,  CLBauer,  (i.P.Watson, 

E.A.Eitzgcrald 

Determination  of  threading  dislocation  density  in  hetero-epitaxial 
layers  by  diffuse  X-ray  scattering  p.  47 

15.20  M.Tolan 

X-ray  diffraction  from  mesoscopic  systems:  thin  films  on  "rough" 
surfaces  p.  48 

15.55  H  L.Bhat,  H.KIapper,  K..L  Roberts 

Real-time  synchrotron  radiation  U)pography  of  the  para-to- 
ferroelectric  phase  transition  of  ammonium  sulphate  p.  49 

15.50  Closing 


XRD  3000  SEIFERT  XRD  7 


XRD3000 

A  favourable  solution  in  X-ray 
diffraction,  modular  design  as 
open  system  for  future 
developments 

♦  Ultra-stable  high  power  X-ray  generator 

♦  Two-circle  goniometer,  horizontal  or  vertical 
TS-goniometer  for  four-circle  dlffractometry 

♦  X-ray  tubes 

♦  Monochromators:  flat,  curved 
channel-cut  and  multilavar 

>  Thin-layer  analysis  attachment 

Solid  state  detectors,  positlonsensitive 
detectors  for  high  speed  data  collection 

♦  XDAL  3000  software  library 

Bich.  Seifert  &  Co.  GmbH  &  Co  KG 
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XRD  7 

A  reasonable  X-ray  diffraction 
system  for  routine  and  special 
applications,  computer-controlled , 
highly  efficient  and  compact 

♦  Full  radiation  protection  with  automatic 
adjustment 

4-  Automatic  4-  or  30-sample  changer 
4-  Sample  holder  with  sample  rotation 
^  Graphit  secondary  monochromator 
V  Thin-layer  analysis  attachment 
4^  EULERIAN  cradle  for  stress  measurement 
4^  X/Y  support 

♦  Software  configurations 


Rich.  Seifert  &  Co.  Freiberger 
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Now  our  Materials  Research  Difiractometers 
are  even  more  versatile! 

A  single  instrument  for  all  materials  problems  - 
semiconductors,  metallic  superlattices,  super¬ 
conductors  polycrystalline  materials  etc. 


/ 1  ii«i<  ^  m  » 


'hdO  Titi'.  ifrlif  I6>*,  uno  ».I»J 


high  resolution  triple  axis  mode 

Figures  are  115  CuKa  reflections  from  a  ZnSc  on 
(001)  GaAs  sample  provided  by  Dr  Michael  Fleuken, 
University  of  Aachen. 


On  display  at  this  meeting: 

Our  new  X*Pert-MRD  with 

H  New  Pre-aligned  Fast  Inter¬ 
changeable  X-ray  Optics 
(PREFIX) 

H  Accurate  and  fast  PW3050 
Goniometer 

H  New  Multiple  Application 
Eulerian  Cradle 

K  The  Philips  Ceramic  X-ray 
tube 

■  Ergonomic  Console  including 
high  frequency  Generator 

An  outstanding  and  versatile 
instrument  for  iiut,  complete 
and  non-destructive  mate¬ 
rials  analysis. 

Philips  Analytical  X-Ray  BV, 
Lelyweg  1,  7602  EA  Almelo, 
the  Netherlands, 

Tel.  +31  546  839430, 

Fax  +31  546  839598. 

Philips  Electronic 
Instruments  Company, 

85  McKee  Drive,  Mahwah, 
NJ  07430,  USA. 

Tel.  +1  201  529  6246, 

Fax  +1  201  529  5084. 


PHILIPS 


Philips 

Analytical 

X-Ray 
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<  •.  Ilililrlir;in4lt 

'  /)  I  li.  ihn 


iKn/’iiii'.il  iIk'i>i\  (v^lmh  was  iV'lriclcil  u>  icllcctcil  X  i.ivm  sir(in(.:h  iliNaj;rc‘i.'il 


vuili  Ills  lApri micnis  i  l'M4i.  hiii  incaMiici.ictKs  ilurinp  ihc  next  lux-iUx  yc.iis  ol  lull 
uiilihs  111  ilic  it'lk’cliim  cuixi'.  ink'gratccl  n  'X'ctuiii  clc.,  iimslly  on  calcitc.  lonlirmctl  Ihc 
llicorv  nunc  .mJ  more  I'lic  {jcncral  llicory  (Ivwakl  1‘>I7,  l.aiic  l‘>41).  Iirsl  applied  lo 
liirihcr  order  Hragg  angles,  was  ihen  able  lo  inleipict  ilelieieney  lines  (Wagner  l‘>2())  and 
Umweganregiing  (kenningcr  l‘)47)  as  ilirce  waves  inleraelions  m  llie  liragg  ease.  Altei 


Gerhard  Borrinann  (born  1908) 
about  1968.  This  photograph  was 
taken  by  P.l’.  Hwald  in  the  English 
Garden  in  Munich  where  he  inspired 
Laue  to  perform  his  dilTraction 
experimenl,  early  in  1912. 


some  uneon.scious  confirmations  of  the  theory 
in  the  Lane  case  (C’ork,  Murdock.  Tahvonen 
1932  -  193.*))  ;ind  the  fir.st  evaluation  of 
Pcndcllbsung  fringes  (McGillavry  1940),  it  was 
mainly  the  discovery  of  new  properties  of 
interfering  X-rays  in  thick  quart/,  and  calcite 
single  cryst  .Is  {anomalously  low  absorption, 
particular  (.lircction  of  energy  proptigation)  by 
G.  Borrmann  (1941/50)  that  initiated  expan¬ 
sions  of  the  theory  and  [irovided  a  deeper 
in.sight  into  Lwald's  wave-fields,  faiter  experi¬ 
ments  mainly  wiih  silicon  cry.stals  by  Aiithier, 
Bonse,  Kato,  Lang  and  many  others  (on  Ixtam 
paths.  Pendellbsung.  topography,  interfero¬ 
metry  etc.)  expanded  the  field  to  a  veritable 
"Kristalloptik  der  Rdntgenstrahlen"  as  it  was 
called  already  in  1917  by  P.P.  Fwald. 


7 


M)I’(K.K  \IM:  >  IN  \l  \<.M  I  ISM 
DOMAIN  VNDIMIVSI  H(\NSlllON  I \\ I  S  I  H .  \  1  lONs 


MiOu'l  Srhlfiikt'i"  ’  .md  hisc  H.inulul 

'"'I  iif'-  ^  ‘  il'  'I  >  t'  I  !  '  I  ^  N  A*  ^  <  n  ii  }'  .  I  '  'SI  f.i  '  t  ,  1 1  ri,  I  ,  , \  / 

h,ini  f' 

'  ~  '  I  !it,ifU(tn  Svihhii  itf  I  lit  Hihlitiiii'n  1 .11  iiii\  HI'  'In  I  '.Sti4<  tiii'iuihh 

\1('di‘rn  ililli.ivtii'ii  iiiKiijiiiu  si. (Ill’ll  uilli  i|r'  ill’ V(‘l<>|iiiii'ni  n!  1  .iii^  s  ki  tmujin  s  nl 
M’lllUIl  .lIUl  II.IM'IM'  \  l,l\  li)|li)i:i.iplU  I  llO  |1|l)IU’l’l  nil’  .lll.l  lliiicfll  llUlL'Il  111  (111- 
Imiiulaii'in  imik  in  llii’  use  oT  io|R)eraphv  in  in.iiiiietisin  vs.tsih.ii  ol  I’l ili .irov.i,  uho.  m  ,i 
M’l  ii’s  ol  p.ipcrs  si.iMina  III  |  I  ],  .inaK/rd  die  iiiaeiielosti  n  (i\e  disloition  due  lo 

teiTom.ii’.iielie  doiii.ims  .nul  Iiom  ii  produces  l  oniraM  on  \  ray  nuaees 

M.uineiisni  has  used  hmh  X  i ay  topographs,  whieh  has  produeed  h\  i.u  die  l.iieei 
iiuiuliei  ol  ui'iks,  uiiti  ,in  e\ei  im  reasine  p.iii  l-n  ssnehroiii.n  i.idi.iiion  iSKl.  .uui 
neuiion  topoerapln  Tliey  Ikim:  si'inpienieniaiA  e.ip.ihdiiies  lor  die  iinesuaaiion  hoih  of 
m.ieiietie  domains  .md  ol  ph.ise  loexisienee 

I'he  salient  .idv.ml.ige  ol  neulious  |J]  is  dial  dies  mieiaei  <///«■< //’.■  \siih  the  inagrieiie 
siriiciLirc  I.oeal  ehanges  m  die  magnciie  siMieiuie.  i  e  niagneiie  domains,  can  give  rise  lo 
changes  in  reflectisits  .uii'  he  ini.iged.  e\en  d  dies  do  not  correspond  lo  changes  in 
macroscopic  niagiieti/atiou  uoi  m  ladicc  distoriion  I  luis  antifcrromagnctic  domains  of 
sarious  kinds,  including  spin  deitsits  ss.isc  domains  in  chromium  [d],  chirality 
(handedness I  domains  m  tielimagnets  ,md  IX(l'  dime  lever.sed)  domains  in  rutilc-typc 
iransition  metal  fluorides,  could  he  explored  and  some  aspects  of  their  behavior 
investigated  for  the  first  time.  In  pha.sc  coexistence  observation,  neutrons  offer  the 
po.ssibility  of  directly  cliaractcri/ing  the  different  pha.scs.  Hossever,  this  lcchni()ue  is  slosv 
and  has  very  [loor  resolution  because  there  .ue  fesv  neutrons  l-utlhermore  it  svas  inactive 
for  three  years  due  to  the  shutdown  ot  Institiit  l.aiie  l.angevm.  It  will  resume  in  1995, 
and  cooperation  can  be  discussed. 

X-ray  topography  in  the  form  used  till  now,  i.c.  vvith  I'hoinson  (electron  charge) 
scattering,  rclie.s  on  Ihc  changes  m  distortion  .issociated  with  domains  or  different 
phases.  Thus  practically  all  first-order  phase  tiansitioiis  j4|.  but  only  some  kinds  of 
domains,  can  be  observed.  Tlic  speed  and  good  re.soliition  of  synchrotron  radiation  make 
it  convenient  to  observe  domain  and  phase  boundarv  movements  under  the  effect  of 
temperature  and  magnetic  field  variations  (2,4|  Vei'v  valuable  results  were  also  obtained 
on  the  physics  of  the  magnetic  materials  that  host  the  domains  or  walls,  e.g.  the  strain 
distribution  due  to  Ivical  ion  implantation  m  garnets  (51. 

Modem  synchrotro.’t  radiation  .sources,  with  their  high  intensity  beams  (a  factor  of 
10“  larger  than  on  standard  .SR  souices)  including  high  energy  photons,  and  small 
sources  at  large  distances  from  the  specimen,  arc  fine  tools  for  topography,  among 
others  in  magnetism.  In  particular  the  resolution  (.spatial  or  angular),  can  be  tailored  to 
some  extent  and  is  good.  The  possibility  of  topographic  investigations  using  magnetic  X- 
ray  scattering  is  exciting. 

[I|  Polcarova.  M.,  Lang,  A.R.,  Appl.  Phys.  Lett..  1.  13-15(1962);  Lang,  A.R., 
Polcarova,  M..  Phil.  Mag.  Lett.,  63.  225-231  (1991) 

[21  Baruchel,  J,,  Physica  B.  192.  79-93  (1993) 

[31  Ando.  M,.  Hosoya,  S.,  J.  Appl.  Phys,,  49,  6045-6051  (1979) 

[4]  Tanner,  B.K.,  Bowen.  D.K.  Mater.  Set.  Rep..  8.  369-407  (1992) 

[5]  Miltat.  J..  Phil.  Mag.  A,  57,  685-702  (1988) 
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l>IHK  \rilON  roPOCKAl'I'U  INVKSTKJATIONS  <)l  (  RYSTAl.S 
I  NDKR  AN  API»1  IKl)  F.l-K(  TRK  KIF.I  I) 


.1.  Karui'ht*!  and  P.Ri>jmankr\a 

l.unifH’iin  S\n‘.  hroirnn  Hiuiuifmn  f  ut  iliiw  HP  220.  .i.H04  <  <iri’mihlt'.  Prance 


DiHractiun  topojiraphy  has  been  used  lo  invjsiijiate  ihe  etlecl  of  an  applied  Je 
lield  on  single  crystals  which  CKhibu  nnuc  conductivity  and  pieztwlcctricity.  Results 
were  reported  in  quartz  1 1-3|.  Kll2P()4|41,  KTiOPOal.Sj,  LiNsH^SOa  and  LiNHaSOa 
lb|  ..and  ti-l.ilO^  |7  1()|  Similar  studies  were  carried  out  on  other  crystals  like  Si  1 1 1 1. 

A  summary  of  these  electric  field  (from  =1()^  to  10'’  Vm"')  related  effects  is  not 
a  simple  task  because  their  magnitude  is  temperature  and  sample  dependent,  and  their 
(Kcurrcnce  is  a  function  of  the  applied  field  range,  and  of  the  time  delay  after  the  field 
application,  The  experimental  facts  which  are  listed  below  arc  consequently  not  always 
observed  simultaneously  on  a  given  experiment: 

1 )  den.se  population  of  tine  lines  running  along  the  ionic  conductivity  axis,  the  details  of 
these  lines  can  be  a  function  of  tlic  e.'ectrode  actual  setting 

2)  visibility  of  some  of  growth  bands  and  other  defects,  which  were  nearly  invisible  at 
zero  field 

3)  occurrence  of  nearly  planar  defects  parallel  to  the  ionic  conductivity  axis  and  to  the 
main  surfaces  of  the  platelet  shaped  crystals 

4)  enhanced  gradient  of  distortion  in  the  neighbourhood  of  some  of  the  surfaces 

5)  thicker  lines  assix’iated  with  a  migration  of  ions  from  the  electrode  into  the  crystal 

6)  non  visibility  of  some  of  the  defects  present  at  zero  field 

Kxaniples  of  these  points,  obtained  cither  using  classical  sources  or  synchrotron 
radiation,  for  different  materials  will  be  presented.  The  influence  of  the  nature  and 
irregularities  of  the  electrodes  will  be  discussed.  We  will  emphasize  on  the  new 
possibilities  of  'section'  topography  at  nxxiem  facilities  like  the  ESRF. 

A  non  unifonn  nearly  one-dimensional  ionic  conductance  is  mainly  invoked  as  a 
basis  for  the  interpretation  of  the  observed  effects:  the  current  mostly  flows  either 
through  "channels"  or  crystal  inhomogeneities,  or  in  the  neighbourhood  of  surfaces, 
leading  to  the  occurrence  of  a  non  homogeneous  space  charge  density. 

Rut  several  questions  require  more  work  to  find  a  definite  answer.  The  most 
important  one  concerns  the  mechanism  connecting  the  variation  of  space  charge  to  the 
observed  gradients  of  distortion.  It  seems  probable  that  the  piezoelectric  properties  of 
these  compounds,  which  display  the  same  symmetry  as  the  observed  effects  |  lO],  are 
to  be  taken  into  account  when  working  out  this  mechanism  in  more  detail. 


11]  .S.  KEERTI  and  A.R.  LANG,  J.  Appl.  Crysl.  1,11  {V)!!) 

121  L.S.  YAMASHITA  and  N,  KATO,  J.  Appl.  Crysl.  S,  623  (1975) 

l.3|  M.T.  SEBASTIAN.  A.  ZARKA  and  B.  CAPELLE.  I.  Appl.  Crysl.  ii,  326  (1988) 

141  C.  BELOUET  and  M.  MONNIER.  Acta  Elccironica  IS.  14.3  (1975) 

151  M.T.  SEBASTIAN.  H.  KLAPPER  and  R.J.  BOLT,  J.  Appl.  Crysl.  2i,  274  (1992) 

161  M.T,  SEBASTIAN.  R.A,  BECKER  and  H.  KLAPPER.  J.  Appl.  Crysl  24,  1015  (1991) 

17|  LI  YINYUAN,  Adv.  in  Science  of  China,  Physics,  Vol.  1,  p.  45  (Science  Press,  Beijing)  (1985) 
181  M.T.  SEBASTIAN.  H.  KLAPPER  and  S.  HAUSSUHL,  Insl.  Phys.  Conf.  Scr.  UQ2,  53  (1989) 
19|  J.  BOUILLOT  Cl  al..  J,  Physique  ii,  1259  (1982) 

llOlJ.BARUCHEL.J.BOUILLOTandE.COQUET.Phil  Mag.  B  1051  (1991) 

[111  K.  LAL  and  P,  THOMA,  Phys.  Suil.  Sol.  (a)  fiSl.  491  (1983). 
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DKPKNDIiNCE  OF  DEFECT  ARRANGEMENT  IN  CRYSTALS  ON 
SURFACE  MORPHOLOGY  AND  ON  CONDITIONS  OF  GROWTH  FROM 

SOITJTION 

I.L.Smolsky 

Institute  of  Crysrullo^niphy  of  Russian  Academy  of  Sciences 
Uminsky  prospect  59,  1 17553  Moscow,  Russia 

X-ray  topographic  methtxls  have  hecn  used  for  studies  of  real  structure  of 
crystals  grown  from  solution  (KDP  group)  in  relation  with  growth  conditions. 

Sy.stematic  deviations  of  dislocations  from  the  minimum-energy  orientations 
1 1 1  have  been  observed.  These  deviations  arc  step-like  at  crystallisation  temperatures 
lower  35“C  and  more  smtK)th  at  higher  temperatures.  They  are  related  with  inllu- 
ence  of  the  morphology  of  the  growing  face,  predominantly  macrosteps,  on  the  ori¬ 
entations  of  the  grown-in  dislocations  The  alternation  of  the  macrosteps  and  the 
groups  of  elemental  growth  steps  can  bring  to  significant  deviation  of  the  disloca 
tion  direction  from  the  minimum  energy  orientation.  Nevertheless  there  is  no  con 
tradiction  with  the  theory  1 1 1. 

Diffusion  priKCSses  take  place  during  growth  from  solutions.  They  affect  on 
the  crystal  defects  and  therefore  can  be  fixed.  X-ray  topttgraphs  show  helices  or  dis 
location  tangles  formed  on  the  initially  screw  disItK'ations  as  a  result  of  inho¬ 
mogeneity  in  impurity  distribution  or  intrinsic  point  defects  near  the  macrostep 
edges.  Activity  of  the  diffusion  priKes.ses  increa.ses  with  increasing  .supersaturation. 
Distribution  of  defects  and  inhomogeneities  are  usually  forming  by  the  seed  geomet¬ 
ry  and  regeneration  conditions.  Using  of  "point  seed"  allows  to  decrea.se  inner 
strains  in  the  crystal  and  to  control  the  crystal  habit  in  correspondence  wi»h  the 
disliK'ation  growth  mechanism. 

C’rystals  grown  from  solutions  with  different  pH  meanings  show  difference  in 
the  crystals  homogeneity  C'ontrast  of  the  growth  bands  and  sectorial  boundaries  is 
almost  invisible  on  the  X-ray  topographs  made  from  crystals  grown  at  the  pH  2  .) 
but  It  is  sU’ong  in  crystals  grown  at  the  pH  --  4.8  in  the  .same  regime.  Connection  of 
this  effect  with  the  difference  in  the  distribution  ratio  for  tri-  and  divalent  cationic- 
impurities  is  supposed. 

Reference 

|1|  H  Klapper,  Yu. M. Fishman,  V.G.Lufsau.  Phys.Stat.Sol.(a),  ^CII5,  (1974), 


INTERACTION  OF  SLIP  BANDS  WITH  GRAIN  BOUNDARIES  - 
OBSERV  ATION  BY  WHITE  BEAM  SR  TOPOGRAPHY 


M  Polcarova*,  A  George**,  J  Bridler*,  A  Jacques**,  J  Gemperlova* 

*  Institute  of  Physics  A  yC  'Ii,  Na  Slovance  2,  ISO  400  Praha  S.  Czech  Pepuhlic, 

*  •  Ixihoratoire  cte  Metallurgie  Physique  -  Sciences  des  Kialeriaux,  Kcole  des  Mines  de 

Nancy,  Parc  de  Saurupt,  54042  Nancy,  France 


The  influence  of  grain  boundary  (GB)  type  on  transmission  of  slip  bands  was  studied  by 
X-ray  diffraction  topography  Observation  was  performed  on  bicrystals  of  Fe-Si  alloys  (4 
and  6at%Si),  the  GBs  were  special  ones  with  low  I.  First  experiments  were  made  using 
laboratory  X-ray  sources  and  several  topographic  techniques  on  specimens  deformed  by 
compression  The  topographic  contrast  was  evaluated  quantitatively  by  comparison  with 
simulated  images  The  calculation  was  based  on  a  simple  model  of  dislocation  pile-ups  at 
GBs  [  1  ]  The  SR  in  situ  experiments  were  performed  at  LURE,  Orsay,  using  white  beam 
reflection  topography  The  specimens  were  situated  in  a  tensile  stage  produced  at  Ecole 
des  Mines  de  Nancy  The  topographic  images  of  samples  under  tension  were  observed 
using  X-ray  sensitive  camera  Major  changes  in  the  slip  band  pattern  were  recorded  on 
photographic  plates 

The  ease  of  slip  transmission  across  GB  depends  on  the  parameter  M  =  (Lj  ,  L2)  . 
(b| .  62),  where  L,  are  directions  of  intersection  lines  of  slip  planes  with  GB  and  bj  are 
slip  directions  in  the  two  grains.  The  higher  its  value,  the  easier  the  transmission  of  slip 
Besides  this  geometric  entenon  the  stresses  exerted  by  dislocation  pile-ups  in  one  grain 
are  important  for  slip  system  formation  in  the  second  grain  [2],  Three  different  types  of 
samples  with  different  values  of  the  parameter  M  have  been  chosen  Nucleation  and 
propagation  of  slip  bands,  their  stop  at  the  GB  and  transmission  across  it  were  observed 
Unloading  of  the  specimen  did  not  cause  any  change  of  the  slip  bands  The  plastic 
deformation  developed  usually  independently  in  both  grains,  the  transmission  of  slip 
bands  across  the  gram  boundary  was  observed  rarely  even  in  the  cases  of  maximal  value 
M=l  (the  Burgers  vectors  and  slip  planes  parallel  in  both  grains)  Two  explanations  of 
this  effect  are  suggested  The  GB  structure  itself  influences  significantly  the  slip 
transmission.  The  real  GBs  differ  slightly  from  the  theoretical  small  L  misorientation, 
therefore  several  systems  of  dislocations  appear  in  the  GBs  which  interact  with  the  slip 
dislocations  The  GB  planes  are  favourite  sites  for  impurity  segregation  and  a  variation  of 
Si  concentration.  The  atomic  structure  of  GB  is  modified  and  thus  the  barrier  for  the 
dislocation  movement  is  strengthened 


[1]  Gemperlova  J,  Polcarova  M  and  Bradler  J  1991  /  Appl.  Crysu  24,  3 16 

[2]  Jacques  A,  George  A,  Baillin  X  and  Bacmann  J  J  1991  Philos.  Mag.  A  5S,  16S 
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IN-Smi  X-RAY  topo(;raphy  studies  during  the  MBE  (JROWTH 

PROCESS  OF  InGaAs  STRAINED  LAYERS 

SJ  Uarnctl.  AM  Kcir,  A(  i  C'ullis.  Al)  Johnson.  J  JclVcrson,  CiW  Smith,  i  Martin 
ORA  Malvern.  St  Andrews  Road.  Malvern.  Worcs.  WR14  3PS.  UK. 

CR  Whitchousc.  Ci  Lacey 

Department  of  Electronic  and  Electrical  linginecring,  University  of  Sheffield.  Mappin 
Street,  Sheffield.  SI  3J1).  UK 

(IL  Clark 

SliRC  Daresbury  Laboratory,  Daresbury.  Warrington.  WA4  4AD,  UK 
HK  fanner,  W  SpirkI 

Department  of  Physics,  University  of  Durham,  South  Road,  Durham.  Dill  3LE.  UK 
B  Lunn'.  JCU  Hogg.  P  Ashu.  WE  Hagston 

Department  of  Applied  Physics.  University  of  Hull,  Hull.  HU6  7RX.  UK 
Department  of  Engineering  Design  and  Research 

CM  Castelli 

Department  ol  lilectronics,  Universtiy  of  York,  Hcslington,  York,  YOl  5DD,  UK 


We  report  recent  results  from  a  novel  facility  constructed  to  enable  in-situ  X-ray 
ditTraction  studies  during  the  MBE  growth  of  Ill-V  strained  layer  device  structures  on 
50mm  diameter  substrates*'*.  This  new  facility,  used  in  conjunction  with  the  Daresbury 
synchrotron  source,  permits  X-ray  topographic  (XRT)  imaging  of  individual  misfit 
dislocations  formed  during  the  MBli  growth  process.  The  misfit  dislocation  growth  and 
interactions  can  be  imaged  as  a  function  of  layer  thicknc.ss,  strain,  growth  and  post¬ 
growth  conditions. 

Recent  results  have  shown  that  the  nature  and  distribution  of  dislocations  threading  up 
from  the  substrate  are  crucial  in  determining  the  initial  pattern  of  epilayer  rcla.\ation, 
Under  certain  growth  conditions  and  substrate  dislocation  distributions  large  areas  of  the 
epilayer  remain  free  of  misfit  dislocations  at  epilayer  thicknesss  significantly  higher 
than  the  measured  initial  critical  thickness  t|^..  W'e  have  observed,  in-situ  for  the  first 
time,  a  second  critical  thickness  tj^  (under  certain  conditions  t2j.  >  2t|t*‘')  at  which  there 
is  a  rapid  increase  in  misfit  dislocation  density  as  a  second  dislocation  source  becomes 
active.  The  precise  nature  of  this  second  source  will  be  identified  by  detailed  TEM 
analysis  on  areas  of  sample  accurately  targeted  by  the  in-situ  XR  T. 

Ihe  XR  T  I'lxperiments  are  described  and  the  demanding  experimental  requirements 
imposed  by  the  in-situ  nature  of  these  experiments  are  discussed.  Recent  experimental 
results  demonstrating  newly  revealed  aspects  of  the  relaxation  process  are  presented. 

1.  CR  Whitehouse,  SJ  Barnett  et  al,  Rev,  Sci.  Instrum.  63  (1992)  634 

2.  CR  Whitehouse,  SJ  Barnett  et  al ,  Inst.  Phys.  Conf.  Ser.  No  134  (1993)  563 
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Double-  and  I  riple-Crystal  X-Kay  Diffraelion  Analysis  of  Seiniconduelor 

Quanltiin  Wires 

1..  l  apt'er 

Ci'/itro  NuziniHih'  jH‘r  hi  Rii  crt  ti  <■  l,>  S\  iliipi)ii  di'i  Mah'riuli  (CNRSM) 
S.S.7  Appiti  kni.  712.  ! -72 H)0  Rnndisi.  huh 


This  paper  describes  the  potentialities  of  high-resolution  x-ray  diffractometry  to 
investigate  and  characterize  nondestructively  the  geometrical  and  structural  properties 
of  corrugated  surfaces  (surface  gratings)  anti  periodic  quantum  wires.  The 
periotlically  corrugated  surfaces  were  prepared  by  holographic  lithography  and 
subsequent  reactive  ion  etching  of  (lOOiCiaAs  surfaces,  while  the  quantum  wires 
were  fabricated  by  using  liiAs/CiaAs  quantum  wells  grtiwn  by  molecular  beam 
epitaxy  onto  ( l()0)CiaAs  substrates. '-2 

The  surface  gratings  and  quantum  wires  are  inve.stigated  by  using  double-  and 
triple-crystal  x-ray  diffraction  measurements  and  x-ray  reciprocal  space  mapping.  The 
experimental  patterns  are  analyzed  by  using  a  semidynamical  diffraction  model.  The 
dynamical  thet'ry  is  used  in  order  to  describe  the  x-ray  diffraction  of  the  substrate 
crystal,  while  the  kinematical  theory  is  used  to  describe  the  x-ray  diffraction  of  the 
surface  grating.  The  interference  between  different  parts  of  the  periodic  surface  array 
is  described  by  using  the  multiple-slit  I'raunhofer  formalism.  'I'he  simulation  of  the 
experimental  diffraction  patterns  allows  us  to  determine  the  shape  and  the  geometrical 
parameters  (period,  width,  height,  etc.)  of  the  surface  corrugations  and  quantum 
wires. ' 

By  measuring  reflection  curves  in  the  symmetrical  and  asymmetrical  iliffraction 
geometries  we  found  a  partial  elastic  strain  relaxation  of  such  quantum  structures  for 
which  the  unit  cell  was  tetragonally  distorted  before  the  etching  process.  The  strain 
relaxation  results  in  an  orthorhombic  deformation  of  the  unit  cell.^-**  The  elastic  strain 
relaxation  phenomenon  in  quantum  wires  can  be  explained  and  described 
quantitatively  by  using  Hook's  law  and  applying  appropriate  boundary  conditions  at 
the  wire-substrate  interface.'^  In  our  strain  model,  we  assume  that  the  lattice  coherence 
at  the  wire-substrate  interface  is  achieved  only  along  the  wire  direction,  due  to  the 
limited  lateral  extension  of  the  wires. 

1  L.  Tapfer  and  P.  Grambow,  Appl.  Phys.  50,  3  (1990) 

2  L.  Tapfer  et  ah,  Appl.  Surf.  Sci.  60/61.  .^17  (1992) 

3  L.  De  Caro,  P.  Sciacovelli  and  L.  Tapfer,  Appl.  Phys.  Lett.  64.  34  (1994) 

4  L.  De  Caro  and  L.  Tapfer,  Phys.  Rev.  B49,  11127  (1994) 
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Applications  in  Multiple  Crystal  Diffractometry 


Pau!  V  I'cwster  <&  Norman  L  Andrew 

Philips  K, ’search  I.ahoraiones 
Cross  Oak  Lane.  Redhill,  LJ.K. 


Ilie  elucidation  of' the  structure  of  semiconductor  multilayers  can  be  adequately  determined  by 
\-ray  methods  but  the  interpretation  is  not  always  straight-forward.  I’hc  presence  of  defects  and 
diffraction  effects  can  create  significant  changes  to  the  diffraction  pattern  that  requires  a  more 
complete  analysis  by  diffraction  space  mapping.  Interpreting  the  diffraction  space  maps  when 
obtained  with  the  High  Resolution  Muliple-Crystal  Multiple-Reflection  Diffractometer  permits 
the  use  of  three  extra  very  powerful  tools.  Ilie  first  is  the  use  of  multiple-crystal  topography  to 
relate  diffraction  space  intensity  features  to  lateral  contrast  on  the  photographic  emulsion,  the  use 
of  accurate  lattice  parameter  determination  of  diffraction  features  and  the  .emulation  of  the 
diffraction  shapes  using  dynamical  theory 

I  xamples  of  these  procedures  will  be  presented  in  this  talk 
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INTERPRF.TATION  of  the  DIFE'RACn  iON  PROFII  F 
RESIJITINC  FROM  STRAIN  RELAXATION  IN  EPILAYl-RS 
P  Kidd, 

Depanmeni  oj  Materials  Sdenre  and  Eni^ineenn}’ .  Universiiy  of  Surrey, 
Guildford  GU2  5XH.  U  K. 

P  F  Fewster,  N  I,  Andrew 

Philips  Research  Lahoratories .  Cross-Oak  Ixine,  Redhill,  RHl  5HA,  U.K. 


With  the  advent  of  high  resolution  triple  axis  diffractometry  and  its  application 
to  reciprocal  space  mapping,  we  are  now  in  a  position  to  make  quantitative 
measurements  of  the  distributions  of  crystal  strains  and  rotations  arising  from 
arrays  of  defects  in  crystals.  When  a  strained  epitaxial  layer  relaxes,  the 
interfacial  misfit  dislocations  are  rarely  ideal  infinitely  long  or  regularly 
spaced  edge  dislocations.  Thus,  in  addition  to  the  displacements  required  for 
the  relief  of  misfit,  the  dislocation  stminfields  and  threading  arms  cause  local 
bending  and  tilting  of  the  crystal  planes.  Relief  of  misfit  strain  is  measured  as 
a  shift  in  the  layer  Bragg  p^  position,  whereas  l(x:al  bending  and  tilting  of 
the  crystal  planes  in  the  vicinity  of  dislocations  gives  rise  to  diffuse  scatter 
around  the  Bragg  peak.  The  aim  of  this  work  is  to  interpret  and  mixiel  the 
diffraction  profiles  in  terms  of  the  underlying  diskKation  distributions  in  the 
relaxing  layers. 

We  have  studied  the  profiles  of  the  Bragg  peaks  and  diffuse  scatter  in 
reciprocal  space  along  both  the  plane  perpendicular  (qo.)  and  plane  parallel 
(qll )  directions  for  sample  structures  coasisting  of  layers  of  In  ,Ga*As  grown 
by  MBE  on  (001 1  oriented  GaAs  substrates.  The  samples  have  different  layer 
thicknesses  and  different  dislocation  distributions.  We  have  measured  the 
dislocation  distributions  in  the  interfaces  using  plan  view  TEM .  We  find  that 
for  thin  layers  with  low  dislocation  densities  the  diffraction  profiles  in  both  the 
plane  perpendicular  (qx)  and  plane  parallel  (qll  )  can  be  modelled  by 
considering  two  components  of  the  diffraction  profile,  namely;  dynamical 
scattering  from  the  coherently  coupled  regions  of  perfect  layer  between 
dislocations  and  diffuse  scatter  from  decoupled  regions  around  the 
dislocations.  From  the  qll  profile  a  lateral  dimension  can  be  assiKiated  with 
the  regions  which  give  rise  to  the  diffuse  scatter,  and  we  show  that  this 
dimension  scales  with  the  layer  thickness.  For  thicker  layers  with  higher 
dislocation  densities,  the  strainfields  of  the  dislocations  overlap.  In  this  case 
the  diffraction  profiles  in  (qx)  are  modelled  by  considering  the  ratio  of  the 
depth  of  coherently  scattering  decoupled  crystal,  above  the  dislocation  array, 
with  the  total  depth  of  the  layer,  assuming  that  scattering  from  the  greatly 
distorted  crystal  close  to  the  array  is  tost.  Along  qll  the  diffuse  scatter  is 
modelled  on  the  basis  of  a  statistical  distribution  of  finite  correlation  lengths 
and  microscopic  tilts. 
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Study  of  thin  buried  interfaces  in  III-V  compound  heterostructures  by 
high  resolution  X-ray  diffraction 

Claudio  Ferrari 

CNR-MASPEC  InsliLulc,  via  Chiavari  18/A,  43100  Parma  Italy 


Interface  sharpness  and  planarity  are  of  fundamental  importance  in 
determining  electrical  and  optical  properties  of  devices  based  on  extremely  thin 
active  regions.  To  study  this  problem  high  resolution  x-ray  diffraction  techniques 
can  be  used  in  two  different  ways: 

i)  in  multi  quantum  well  based  heterostructures  the  interlace  parameters  can 
be  determined  by  fitting  the  superlattice  peak  intensity  and  broadening  in  x-ray 
rocking  curves. 

ii)  in  single  quantum  well  helerostructures  the  intensity  fringes  arising  from  the 
of  x-ray  standing  wave  interference  between  substrate  and  cap  layer  depends  on 
the  well  thickness  and  mismatch. 

As  an  example  of  the  first  case,  the  InGaAs  to  InP  and  InP  to  InGaAs 
interfaces  in  InP  based  structures  are  studied.  It  is  shown  that  heavy  incorporation 
of  As  up  to  20%  in  the  InP  and  P  in  the  InGaAs  growth  surfaces  occur  due  to 
surface  exposure  to  the  competing  group  V  atom  fiux  (1).  From  the  rocking  curve 
analysis  incorporation  depth  and  local  As  or  P  concentration  are  evaluated. 

As  for  the  second  point  is  concerned,  the  interface  sharpness  in  InGaAs/GaAs 
ba,sed  helerostructures  is  known  to  be  .severely  affected  by  the  In  segregation 
toward  the  growth  surface  (2).  From  literature  In  segregation  length  values 
ranging  from  1  to  several  monolayers  are  reported.  In  this  work  a  new  approach 
ba.sed  on  the  measurements  of  x-ray  diffraction  profiles  of  single  monolayer 
InAs/GaAs  structures  in  different  geometrical  conditions  is  developed.  A 
.segregation  length  of  nearly  2  monolayers,  slightly  dependent  on  the  growth 
conditions  is  found. 


(1)  Ferrari  C.,  Lazzarini  L.,  .Salviati  G.,  Ga.staldi  L..  Taiariol  F.,  Schiavini  G.. 
Rigo  C..  1993  IEEE  Proc.  of  the  Fifth  International  Conference  on  "InP  and 
Related  Materials",  Pari.s. 

(2)  M.  Moison,  C.  Guille,  F.  Houzay,  F.  Barihe,  M.  V.  Rompay,  Phys.  Rev.,  B40 
(1989)6149. 
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ri:x  i  iiRK  kvoiajhon  in  i  hin  films  and  mi  l hl aykrs  via 

SYNC  HRO I  RON  TORKJRAPIIY  AND  OIXS: 


J.  C'.  Bilello  and  S.  M.  Yalisove, 

Mdli'riuls  Si  icnci’  ct  Ijif^iuccrinf^.  Univcrsiiy  of  Micliimni.  Ann  Arbor.  Ml  -fSKN; 

Z.  U.  Rek, 

Stiinjoril  S\niiirt>tron  Riuliatnni  Lab.  2575  .San  Hill,  Menlo  Rark,  C'/I  S‘iA25. 

Sputter  deposited  filtns  and  multilayers  arc  used  for  a  wide  variety  of  applications 
including  protective  coalings  on  turbine  engine  blades,  magnetic  recording  heads,  optical 
elements,  electronic  packaging,  x-ray  filters  and  monochromator  components  to  name  a 
lew  examples.  This  wide  range  of  interest  requires  growth  thicknes.ses  from  a  lew 
nanometers  to  tens  of  microns  depending  on  the  particular  product.  In  many  applications 
control,  or  even  possible  manipulation,  of  the  growth  texture  is  essential  for  producing 
the  desired  physical  properties.  liindamental  knowledge  of  the  growth  texture  in  the 
growth  direction,  as  well  as  within  the  plane  of  growth,  as  a  function  of  processing 
conditions  is  necessary.  No  single  technique  is  capable  of  .scanning  the  entire  thickness 
range  of  film  growth.  A  variety  of  x  ray  methods  including  grazing  incidence  x-ray 
scattering,  conventional  pole  figure  studies  and  white  beam  synchrotron  topography 
were  u.sed  to  study  texture  evolution  for  the  thinnest  films  up  to  the  thickest  multilayer 
coalings.  The  results  of  these  texture  measuremenls  are  discussed  in  terms  of  the 
evolv'tig  microstructure  observed  via  transmission  electron  microscopy. 
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X-RAY  DOUBLE  C  RYSTAL  TECH^rQljE  AS  A  TOOL  FOR  POINT  LIKE 

DEFECT  STUDY 


Grzegorz  Kowalski 

In.slilnte  of  Experimental  Physica,  H^ar.\a\i'  University 
ul.Hota  69,  ()0-6lil  Warsaw,  Poland 


X-ray  experiments  like  multi-crystal  diffraction  techniques  are  usually  seen  as  tools  for 
studying  large  lattice  imperfections  and  probes  for  significant  crystal  volumes. But  even 
with  beam  sizes  around  Imm^  there  is  a  wealth  of  information  to  be  gained  by 
appropriate  design  and  execution  of  the  experiment.  Point  like  defects  always  have 
been  on  the  list  of  potential  subjects  for  the  study  by  X-ray  techniques  but  either  the 
size  or  density  of  the  defects  had  to  be  on  the  scale  acceptable  by  X-ray  experiment.  In 
case  of  crystal  defects  whose  size  is  smaller  then  the  resolving  power  of  the  X-ray 
method  some  averaged  values  of  the  diffracted  intensity  can  only  be  measured  and  this 
being  subject  to  diffuse  scattering  experiments.  By  applying  in-situ  controlled 
conditions  of  the  experiment  like:  temperature,  illumination,  pressure,  magnetic  field, 
electric  field  etc.  it  is  possible  in  some  cases  to  acquire  additional  information  regarding 
point  like  defects  For  the  first  time  X-ray  experiment  was  able  to  successllilly  record 
and  follow  transition  of  metastable  EL2  defects  in  SI  GaAs  [Ij.  EI2  being  already 
recognized  as  AsGa  (arsenic  antisite)  single  atom  defect  is  a  prime  example  of  the 
potential  of  X-ray  diffraction  methods.  Double  crystal  diffraction  technique  used  in  this 
case  confirmed  results  and  predictions  from  optical  absorption  measurements  of  this 
material  as  well  as  it  yielded  some  new  unexpected  information  as  to  the  behavior  of 
the  EL2.  This  new  approach  was  then  applied  to  study  DX  center  in  AlGaAs  Te  [2]  as 
well  as  to  examine  novel  Low  Temperature  GaAs  MBE  layers  [3,4]  Especially  in  the 
LTGaAs  results  of  measurements  are  spectacular  in  a  way  that  they  lead  to  and  confirm 
that  in  this  case  F.L2-like  defects  arc  divided  into  two  groups  with  different  time 
constants  for  their  metastable  behavior  [5] 

[1]  G  Kowalski,  M  Leszczyhski,  AppI  Phys  Lett  59  (20)  (1991) 

[2]  M.Leszczynski,  T  Suski,  G  Kowalski,  Semicond  Sci.Tech.  6  59  (1991) 

[3]  M  Leszczyhski,  G  Kowalski,  M  Kamihska,  T  Suski,  E  R  Weber, 

Semicond  Sci  Tech  6  B66  ( 1991 ) 

[4]  G  Kowalski,  M  Leszczymski,  A.Kurpiewski,  M.Kaminska,  T. Suski,  E.R. Weber, 

Mat  Res  Soc  Symp  Proc.  241  125  (1992) 

[5]  G  Kowalski,  A  Kurpiewski,  M.Kaminska,  E.R  Weber,  Mater  Sci  &Eng  B22  27 
(1993) 
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SURFACE  AND  INTERFACE  SENSITIVE  X-RAY  SCATTERING 


V.  Holy  (a)  and  T.  Baumbach  (b) 

(a)  Dcparlrnnit  of  Solid  Slair  l‘h  i'aculhj  of  Soionvi ,  Kotldi.skd  3.  61137  Hrno, 
('zcch  lirpiiblir. 

(b)  Instiliilc  Lfuir -/.aiifp  riti.  Bl’  176.  An  tnii  di.'i  Mart ijis,  'iS0J,3  (Srooblr,  I'ranot  . 

TIk'  sensitivity  of  X-ray  sralteriiig  to  the  state  of  stirfacc'  atnl/or  iiiterfaec's  in  Iny 
ered  sainitles  snhst aiit.ially  (ie|)«>n(is  on  tlie  penetration  (l<’[)t.li  of  X-rays,  Very  small 
p('n<t  rat  ion  <lepth  ran  !)(>  a<'hie''e<l  in  the  following  experiment  al  modes: 

•  extremely  asymiin’t ric  eoplaiiar  dilfraetion  (AXHD). 

•  non  ettplanar  grazing  ineidenee  ditfract-ion  ((III)),  and 

•  X  ray  relh-elion  (i.e.  diffraetion  with  zero  dilfraetion  vector  XllM)- 

.\  ray  scattering  >n  perfect,  strnctnri's  (Hat  itit«Tfac('s.  no  volume  defects)  can  he 
des(  rihed  by  means  of  the  dynandcal  diffraction  th<H)ry.  in  all  tin'  above  modes,  in¬ 
terlace  di'fecl.s  (roughness)  reduce  the  coheif'ntly  scat.tererl  intensity  (diffuse  <'xtinc- 
tion)  atid  increases  tlw  di vetgemx' of  the  scattcrcMl  beams  (diffuse  X  ray  scattering). 
Theoretical  description  of  the,se  processt's  is  bast'd  on  tlu'  Distorted  Wave-Horn 
A[)proxiin.at  ion  (l)WBA).  In  this  metluxl,  the  diffnst'  scattt-ring  is  described  as  a 
transit, ion  between  two  undisturbed  dynamical  wavelields  in  the  perfect  structure. 

'l'h('  scattered  intensity  can  be  repre.st'iited  being  the  function  of  the  wave  vec 
tor  transfer  Q  -■  K„„(  —  K,,..  Iti  the  reciprocal  space  distribul ioti  of  the  scattered 
ititensity  st'veral  characteristic  features  cati  be  ob.st'ived.  'I'lu'  corix'lation  properties 
of  the  interface  roughness  concentrate  the  diffusely  scattered  intensity  distribution 
into  small  areas  close  to  the  ix'ciprocal  lattice  points.  The  slia|)e  of  thi’se  maxitna 
dep<'nds  both  on  in  phine  and  on  vert  cal  (inter  itlane)  rouglniess  correlations.  Dy¬ 
namical  scalt('ring  'processes  are  the  cause  of  resonant  peaks  (the  ^'otleda  wings  in 
.XIIIT  lor  instance)  th.it  aii'  streti  hed  along  the  Ifw.dd  sp,ii  les  in  reciprocal  space. 
.All  these  effec  ts  can  be  observed  by  .X  r.iv  dilfractomet  r\'  .inci  rellectomet.ry  t  hat, 
enables  us  to  scan  the  sialtc-red  ititensity  clisi  ribut  ion  in  recipicjcal  plane  near  the 
reciproc  al  lat  t  ice  |)oint . 

In  spite  of  the  fact  that  all  the  expc'i'imental  modes  can  be  described  in  an 
unilorm  way.  the\’  characterize  the  interfaces  frotn  different  viewpoints.  XU  11  is 
sensitive  only  to  interface  morphology,  while  the  diffractioti  methods  (AXRl)  and 
(HD)  also  to  cr>  st alline  cpiality.  ( HI)  is  extri'inely  sensitive  to  small  in- plane  atomar 
shifts  amt.  therefore,  to  lateral  strain  relaxation  in  layeis. 

In  the  h'ctnre,  both  tlieoretical  and  expc'riment al  aspects  will  bc'  revit'wed  of  the 
surface-sensitive  scatt.ering  nuxles  and  their  results  will  be  coniftared. 
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X-RAY  REFLECTOMETRY  FROM  SAMPLES  WITH  ROUGH 

INTERFACES 


D.K.G.  de  Boor 

Ptnlrps  Hcscorch  Laboratories.  Prof.  Hnlstlnan  yj.  AA  Eindhoven. 

The  Netherlands 

If  X  rays  iinpingo  at  a  grazing  anglo  on  a  sample  with  rongh  interfaces,  tlu'v 
can  be  reflected  coherently  {i.e.  specnlarly)  or  incoherently  {i.e.  diffuselv),  and 
also  transmitted  coherently  or  incoherently.  The  transmitted  x  rays  can  be  al)- 
sorbed  ami  excite  x-ray  fluorescence  radiation,  which  can  be  measured  in  an  angle- 
dependt'iit  x-ray  fluorescence  (AD-XRF)  experiment. 

We  will  show  that  the  interface  comi)()sition  and  roughness  (both  in  perpendic¬ 
ular  and  lateral  directions)  can  b('  obtainerl  from  x-ray  refiect.oim'try  and  AD  XRI' 
exp('riment.s.  X-ray  standing  waves,  .set  up  in  layered  materials,  can  i)rovide  t.he 
interface  roughness  profile  and  the  chemical  composition  ms  a  function  of  dejjth  iii 
ditfu.s('  reflc'ction  and  .AD-XRF  measurements,  respectively. 

I  h<'  tlu'orv  of  t.lu'  inflmuici'  of  inteuface  roughne.ss  will  be'  dise'us.se'd  and  ex])er- 
inieuits  yie'hling  eletailed  information  on  the  interfaces  will  be'  pre'.sente'ei. 


20 


SURFACE  MELTING  OF  ICE  REVEALED  BY  GLANCING  ANGLE 

X-RAY  SCATTERING 


H.  Dosch 

Bergische  Universitdt  Gesamlhochschule  Wuppertal, 

Institut  fiir  Materialwissenschaften, 

Miingstener  Str.  10,  42285  Wuppertal 

We  present  glancing  angle  x-ray  scattering  experiments  at  ((K).l),  and  (11.0)  surface  of 
ice  I,,  single  crystals.  The  temperature  dependence  of  the  evanescent  Bragg  .scattering 
upon  heating  reveals  a  quasiliquid  surface  layer  well  helow  the  melting  point  on  each 
investigated  ice  surface.  At  (10.0)  and  (1 1.0)  surfaces,  thermal  faceting  is  observed, 
which  is  briefly  discussed.  The  "oxygen- forbidden"  (00.4)  Bragg  profiles  which  give 
direct  access  to  hydrogen  long-range  order  have  been  investigated  in  the  bulk  and  close 
to  the  surface,  Although  in  the  bulk  the  (00.4)  width  is  resolution  limited,  we 
discovered  prior  to  surface  melting  a  stri-ng  disorder  of  the  hydrogen  bonds  within  a 
mesoscopic  surface  sheet. 


X-RAY  DETKRMINATION  OF  SURFACE  ROUGHNESS  OF  POLISHED  SILICON 

WAFERS 

M.  Nakanishi,  O.  Sakata  and  H.  Haahiztime 

Research  Laboratory  of  Engineering  Materials,  Tokyo  Institute  of 
Technology,  Ragatsuta,  Midori,  Yokohama  227,  Japan 

Highly  flat  and  smooth  silicon  surfaces  are  required  in  device  fabri¬ 
cation  of  down-scaled  microelectronics.  While  classical  profilometers 
using  optical  and  mechanical  probes  map  micromorphologies  of  surfaces 
with  super-  and  sub-micron  lateral  resolutions)  scanning  tunneling 
microscopes  image  topographs  of  a  small  area  with  atomic  resolutions. 
X-ray  scattering  methods  can  evaluate  average  surface  roughness  with 
nanometers  lateral  resolutions)  filling  the  gap  between  the  techniques 
in  current  use.  The  X-ray  methods  are  unique  in  their  capability  to 
investigate  buried  interfaces  nondestructively.  The  present  study 
applies  grazing-angle  X-ray  reflectivity  (GAXR)  and  X-ray  scatterings 
along  the  surface  normal  (XSASN)  to  the  determination  of  the  roughness 
of  model  silicon  surfaces  prepared  using  mechsnochemical  polish  tech¬ 
niques.  Surfaces  of  four  different  roughness  levels  (2—20  A  rms) 
were  prepared  on  (100)  silicon  wafers  and  examined  on  a  triple-axis  X- 
ray  reflectometcr  and  a  triple-crystal  diffractometer  at  a  synchrotron 
radiation  source.  The  same  surfaces  were  also  investigated  using  a 
8tate-of-art  Talystep  profilometer  (by  Jean  Bennett  at  China  Lake) 
California)  and  a  WYKO  optical  interferometer  {by  M.  Nakano  at  Shin- 
Etsu  Handotai  Co.).  The  Talystep  used  a  conical  stylus  with  a  0.7  /u  m 
tip  radiuS)  while  the  WYKO  imaged  interferograms  on  a  CCD  device  with 
a  1x1  /^m  pixel  size.  X-ray  data  were  analyzed  by  including  Debye- 
Waller-type  factors  in  I’arratt's  formulae  for  GAXR  from  multilayered 
structures  and  Cowley’s  formulae  for  XSASN  (or  crystal-truncation-rod ) 
intensities  to  evaluate  rms  roughness  ((J  )  [1).  The  GAXR  data  allowed 
separate  evaluations  of  a 's  at  the  air-SiOz  and  oxide-silicon  interfaces. 
The  a  values  calculated  from  X-ray  measurements  correlate  well  with 
roughness  measured  directly  by  mechanical  and  optical  profilometers, 
but  a  systematic  discrepancy  is  found  between  t)>o  a  values  for  the 
oxide-silicon  interfaces  determined  from  the  GAXR  and  XSASN  data.  It 
will  be  discussed  if  this  concerns  the  total  and  crystalline  com¬ 
ponents  of  roughness  at  the  interface  or  the  different  spatial  wave¬ 
lengths  sensible  with  the  two  X-ray  techniques. 

We  thank  T.  Abe  for  the  sample  provision. 

[1]  Niwa,  T.)  Sugiyama,  M.,  Nakahata,  T.,  Sakata,  O.  and  Hashizume 
H.  (1993).  Surface  Science  282,  342-356. 
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NONBPKClILAH  X-HAY  SCATTKRING  OK  IN'I'K RK ACI AL  ROUCI IN I'.SS  IN 

SIN’OLK-  AN’I)  MUi;riLAVKRS 


T.Salilill..  II. Metzger,  J.Kei.sl 
SekUon  Phy.sik  der  Uiiivcrsitilt,  Miiiicheii, 
Ceschwisler-Srlioll-Plalz  I.  0-805:19  Miinelien, 


A  short  overview  is  given  on  the  dilh'rent  nt)iis|ie(  iihir  x ms  si  iii  leriiig  tnelhods 
that  have  been  applied  to  deduce  infornialiun  on  t.he  lieight-height,  self-  and  cross- 
correlation  functions  t)f  one  or  several  rough  interfaces  [1-5],  It  is  shown  that  the 
scaling  behaviour  of  the  height  fluctuations,  as  predicted  by  the  theory  of  kinetical 
roughening  [1-5],  can  only  be  tested  if  the  data  is  .sampled  over  a  sufTiciently  large 
Q  range.  A  corn[)ari.son  between  dilFerent  scattering  geometries  is  made,  i.e.  the 
so-called  rockiiuj,  detector,  offset,  and  ont-of-plane  scan,  respectiv<!lv.  lAirthermore. 
special  forms  of  the  height-height  self-correlation  function  and  the  corresponding 
structure  factors  according  to  the  distorted  wave  Morn  approximation  [T|  are  ilis- 
cus.sed.  P'or  a  single  rough  interface  the  x-ray  .scattering  results  are  compared  with 
rnea.surements  by  atomic  force  microscopy.  Finally,  a  new  method  to  measure  the 
degre(.“  of  conformalilv  in  multilavers  as  a  function  of  |)arallel  length  scah;  is  proposed 
[8|. 
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New  dynamicul  effects  in  X-ray  standing  waves  methods 


A.  M.  Afanas’ev 

Institute  of  Physics  and  Technology  of  Russian  Academy  of  Sciences 
Krasikova  str.  25 ,  117418  Moscow,  Russia 

The  peculiarities  of  the  secondary  radiations  yields  accompanying  the  X-ray  diffraction 
have  been  considered.  The  well  known  in  the  dynamical  theory  the  Bomnann  effect  and  the 
Pendelozung  effect  reveal  itself  in  abig  variety  of  different  qualitative  fonns  depending  on 
the  type  of  the  secondary  radiation,  the  diffraction  geometry  and  the  coherence  conditions 
/!/.  Owing  to  the.se  peculiarities,  the  X-ray  standing  waves  method  can  be  applied 
e.ssentiully  wider  than  it  is  utilized  up  to  now. 

Another  very  pronounced  effect  exists  at  the  grazing  asymmetric  diffraction  on  the 
boundary  Bragg-  Laue  transition  when  the  diffraction  beam  moves  exactly  parallel  to  the 
crystal  surface.  Tltis  beamare  formed  inside  the  crystal  on  some  distance  from  the  surface 
and  due  to  this  fact  piratically  can  not  be  observered  in  the  standard  diffraction  experiments. 

On  the  other  hand,  the  cross-section  of  the  beatn  appears  to  be  very  small  and,  as  a 
consequence,  the  density  of  the  energy  flow  in  the  beam  appears  to  be  very  high  exceeding 
the  one  in  the  incident  beam  on  a  few  orders  of  magnitude  /2/.  This  effect  reveals  as  a 
drastical  increase  of  the  photoelectron  yield  /3/. 
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HIGH.RESOLUTION  TRIPLE  CRYSTAL  DIFFRACTOMETRY 
WITH  100  KEY  SYNCHROTRON  RADIATION 


T.  Schmidt,  R.  Bouchard,  H.-B.  Neumann,  H.F.  PouLsen,  U.  Riitt  and 
J.R.  Schneider 

Hiinihiiri’cr  Syiichrotronsirdhluiii'xlahor  HASYIAB 

at  Deutsches  Klektroneti-Sym  hrotron  DESY,  Notkestr.  85,  D-2260J  Hamhur\’ 

W.  Zulehner 

Waeker  Chentitronic  GtnhH,  Postj'ach  1140,  D-84489  Biirf>hausen 

The  ubsoq^lion  of  100  keV  synchrotron  radiation  in  matter  is  weak  and.  as  normally 
done  with  neutrons,  bulk  properties  arc  studied  in  large  samples.  However,  the  k- 
space  resolution  obtained  with  a  Triple  Crystal  Diffractometer  (TCD)  for  high  energy 
synchrotron  radiation  is  about  one  order  of  magnitude  better  than  in  high  resolution 
neutron  diffraction. 

Magnetic  supcrlattice  rellections  have  been  measured  in  MnF2.  a  classical  antiferro- 
magnet,  demonstrating  the  potential  of  the  technique  for  high  resolution  studies  of 
ground  state  bulk  antiferromagnetism.  Recently  the  question  of  two  length  scales  in 
the  critical  .scattering  at  the  100  K  phase  transition  in  SrTiO^  was  studied  on  tne  same 
sample  on  which  most  of  the  inelastic  neutron  scattering  work  was  done  at  Brookha- 
ven  National  Laboratory.  The  sharp  component  in  the  critical  scattering  from  this  sam¬ 
ple  is  shown  to  be  due  to  surface  related  effects. 

The  TCD  studies  on  oxygen  induced  defects  in  annealed  C/ochralski  grown  Silicon 
are  discussed  in  detail.  Shape  and  number  densities  of  the  SiOi  precipitates  have  been 
determined  by  Small  Angle  Neutron  Scattering  at  the  ILL.  Grenoble,  in  samples  con¬ 
taining  different  amounts  of  oxygon,  annealed  at  75()"C  and  lO.SO  or  I2(X)”C,  respec- 
tivoly.The  defect  scattering  due  to  slacking  faults  and  dislocation  loops  has  been  iden¬ 
tified  in  the  diffuse  scattering  measured  with  the  TCD  and  KK)  keV  synchrotron  radia¬ 
tion  at  the  identical  samples,  their  diameters  could  be  determined  using  a  theory  due  to 
Larson  &  Schmat/  (phys.  stat.  sol.  tb)  99  (1980)  267).  First  in-situ  measurements 
show  the  potential  of  the  technique  for  studying  the  formation  of  these  oxygen  in¬ 
duced  defects  at  annealing  cycles  relevant  for  industrial  device  fabrication. 

At  the  PETRA  storage  ring,  which  serves  as  an  accumulator  for  the  HERA  electron- 
proton  storage  ring  at  DESY  and  which  is  operated  at  electron  energies  between  7  and 
12  GeV,  an  undulator  bcamline  is  currently  under  construction  and  should  be  available 
in  summer  1995.  Compared  with  the  HASYLAB  wiggler  beamlines  a  gain  in  bright¬ 
ness  by  4  orders  of  magnitude  is  expected  at  100  keV  and  exciting  new  research  op¬ 
portunities  will  open  up. 
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HIGH  ENERGY  X-RAY  MICROSCOPY  BASED  ON  BRAGG-FRESNEL 
CRYSTAL  OPTICS:  PRINCIPLES  AND  APPLICATIONS  AT  ESRF. 


A.SnigIrev 

ESRF  B.P.  220.  F-2S04.i  Grenoble  Cechx,  France 

Bragg-Frcsnol  optics  (BFO)  based  on  a  single  crystals  has  been  proposed  as  high 
resolution  and  high  efficient  optics  for  hard  x-rays  at  E>6kcV.  The  combination  of 
BFO  with  new  generation  of  storage  rings  like  ESRF  open  up  the  real  possibility  to 
devclopc  microimaging  and  microdiffraction  technique  for  hard  x-rays 
The  [XMlormiuice  ;uid  applications  of  the  BF'O  was  studied  at  the  ESRF  Ix'amlincs: 

Optical  properties  experimentally  measured  are  the  following; 

-  energy  tunability 

-  sub-|im  resolution 

-  high  thermal  resistivity  and  stability 

-  well  defined  shape  of  the  focused  beam 

'Ilic  following  applications  have  been  realised: 

-  sub- micrometer  lluorescence  microprobe; 

-  linctirand  2D  microprobe  for  microdiffraction: 

-  2D  beam  emittance  and  beam  position  monitors  on  the  base  of  circular  Bl  'l,/. 

-  microfocus  double  crystttl  diffnictomeier; 

-  lOkeV  projection  microscopy. 

Test  experiments  on  phase  contrast  imaging  are  very  promissing  for  developing 
pha.se  contrast  microscopy  and  holography.  Crystal  BFO  is  of  particular  interest  for 
microtop(}grapny  and  microtomography  technique  its  well. 
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X-RAY  TOPOGRAPHIC  INV12STIGATION  OF  QUASICRYSTALS 

J.  Gastaldi,  K,  Reinior,  G.  Grange  and  C,  Jourdan 
CRMC2  -  CNRS,  (.Campus  do  Luininy,  Case  91,'3,  1R28H  Marseille  Cedex  !) 


The  quasicrystalline  qualities  (microstructure  -  defects)  of  both  AlCui-'e  and 
AlPdMn  grains  are  compared  by  considering  Synchrotron  White  Beam  X- 
Ray  Topographs  recorded  a<  the  LURK  (Orsay  -  France). 

Millemetric  size  grains  of  AlCduFc  are  grown  in  our  laboratory  by  annealing 
quasicrystalline  flakes  in  the  icosahedral  phase,  at  860‘^C  (just  below  the 
peritectic  point)  followdng  the  growth  process  developped  at  the  CKCM'*'  of 
Vitry  (Francej  while  centimetric  size  grains  of  AlPdMn,  grown  by 
solidification,  are  provided  by  the  l/fPCM*^  of  Grenoble  (France), 

All  the  investigated  grains  display  a  microstructure  built  up  with 
subgrains,  the  misoricntation  of  which  can  be  less  than  one  minute  and 
the  size,  bigger  than  one  cubic  millimeter. 

In  the  topographs  of  these  subgrains  it  is  possible  to  see  contrasts  looking 
like  dislocations  networks,  dislocation  loops  and  dislocation  bands. 
Dislocations  loop  like  contrasts  are  seen  in  subgrains  investigated  in  as- 
grown  crystals  while  dislocation  band  contrasts  appear  only  after 
mechanical  polishing, 

All  these  contrasts  are  presently  under  investigation  by  carriyng  out 
systematic  x-ray  topographic  studies  (including  monochromatic  studies). 


*CECM  Centre  d’Etudes  de  Chimie  Mdtallurgique 

■•■LTPCM  Laboratoire  de  'fhermodynamique  et  de  Physico-Cchiinie 
Metallurgiques 
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OBSERVATION  OF  DEFECTS  IN  CRYSTAL  SURFACE  LAYERS  BY 

GID  X-RAY  TOPOGRAPHY 


D.V. Novikov' ,  M.Ohler*,  F.N.Chukhovsky R. Koehler*,  G.Materlik' 

'  H  AS)  I.  A  H  <il  DKS)  .  Postfttch  ffaiuhuty 

*  ,!//’( I'-.l  ''  lUnnIijf  uhiuijuny" ,  liaumHnjfcilplalz  ,7-7,  10117  Ihrliii 

'  hislitulr  of  ( 'ri/slallotiriiphi/,  I.rtinisl.'!i  pv.  70,  1 1  700:1  Mo.'o-air 

Tli<’  risiii)'  inlercsl  to  niazinj'  iiuicleiicc  variaitls  ol  X-ray  diflract ion  t oponrapliy  is 
ronnci'Icd  willi  the  prosperts  of  application  of  lhis  t radit.ioiial  t(H'hiii(|iic  for  invesli- 
Haiinn  I  li('  ical  sltMirtnrc  of  lliin  surface  crystal  layers  |1  :$]. 

In  this  work  the  possibilities  of  observation  of  sinifle  <icfects  in  real  materials  by 
l)lanc  wave  ('razing  in<-idence  diffraction  (CID)  topography  were  invest  igated  bol.li 
expi'i'imcntally  and  theoretically.  'I'hc  expcriiiH'iits  were  performed  at.  the  beam- 
lines  llOl'iMOl  and  Cl'lNlO  of  HAS't'LAB.  using  double  crystal  Ce  /  asymmetrii 
Si  monix  hromators.  The  I  unability  of  synchrotron  radiation  enabled  to  avoid  usual 
limitations  on  apiilicabilit y  of  (III)  geometry  anil  use  simple  coplanai'  diffraction 
schemes. 

I'he  cotit rast  formation  on  in-surface  screw  dislocations  in  lithium  niobaie  and 
threading  dislocations  in  bulk  gallium  arsenide  and  epitaxial  layers  on  CaAs  and 
Si  siibstrtites  is  discussed.  'I'he  influence  of  pure  refraction  effect  is  shown  separately 
on  model  silicon  crystals  with  etched  trenches  of  the  depth  from  25  nm  to  800  nm. 
The  results  of  computer  siimilation  of  dislocation  images  in  surface  layers  of  single 
crystals  are  presented. 

It  is  shown,  that  <i  changi'  of  diffraction  conditions  from  usual  asymmetric  to  ex¬ 
treme  (ill)  below  the  criliial  angle  of  total  external  reflection,  achieved  by  a  slight 
wavelength  variation,  does  not  change  ijualit at ively  the  images  of  near  surface  de- 
fei  ls,  though  the  distortions,  juoduced  by  the  delects  in  the  iindei'lying  layers,  be 
come  invisible  at  grazing  iticidence,  due  to  both  depth  resolution  of  the  method  and 
inevitable  loss  of  lattice  |)arameter  resolution.  This  allows,  however,  to  use  (ill) 
toiiogiajiliy  for  charaeterization  of  films  on  substrati's  with  a  low  ])ertcct  ion . 

1  bus.  the  (Ill)  topography  proves  to  be  a  useful  tool  for  investigation  of  thin  sub 
surface  crystal  layers  at  the  dcjiths  from  tens  to  hundreds  of  nanometers  and  can 
provide  information,  ttot  obtainable  by  usual  methods. 


l!  T.Kittiiio,  r.Ishikawa,  .l.Matsui,  K..-\kimoto,  .l.Mizuki,  'f’.Kawase  .laptm.  .1. 
Ap|)l.  IMiys.  26  l-lOS-bl  10  (  H)K7) 

2-  H.M.Itiiamov.  .-X./X .l.iuiiov.  1).\'. Novikov.  IMiys. Status  Solidi  (a)  115  KlTl-KHM. 
( 108!)) 

It'  S.Kimiira,  .l.llarada,  T.lshikawa  .Xeta  Crysl.  A50.  1537  IJT2  (lObd) 
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SIMULATION  OK  VVIH'I  K  BEAM  SYNCHROTRON  TOPOORAKHS 


Y.  Epelhoin,  Laboraioirv  dc  Miixhulo^ii’-CrLstullosirapluc.  (I.A.  (.'i\RS.  Universiii' 

P.M.  Curie.  Case  //5.  75252  Puris  Cedex  05,  Irdine.  c-niail: 

epclhnin@lmcp.jussicufr 

White  beam  topographs  may  be  simulated  using  the  principle  of  reciprocity  and  an 
accurate  numerical  algorithm  (Carvalho  &  Epelboin  a,  b  1993).  We  have  applied  these 
principles  to  the  simulation  of  stroboscopic  images  of  quartz  resonators.  We  present 
here  the  result  of  the  preliminary  investigation  where  a  new  program  has  been  written 
suitable  for  parallel  and  array  computers.  One  of  the  main  advantages  of  this  new 
generation  of  program  is  that  the  data  describing  the  strain  in  the  crystal  are  computed 
separately  then  used  in  the  simulation  program.  Thus  it  is  very  easy  to  change  the  strain 
model  without  having  to  change  the  simulation  program.  The  disadvantage  of  such  a 
technique  is  the  need  of  large  disc  space:  the  derivatives  of  the  strain  must  be  sampled 
in  each  incidence  plane  using  a  step  small  enough  to  correctly  describe  the  deformation. 
The  program  needs  a  large  memory,  together  to  store  the  strain  and  data  and  to  be 
efficient  in  using  the  vector  or  parallel  computers.  It  may  be  as  large  as  300  Mbytes! 

Preliminary  calculations  on  a  simple  strain  model,  already  used  in  the  simulation  of 
.section  topographs  (Zheng  1989)  have  allowed  to  establish  the  parameters  for  the 
calculation.  The  convergence  of  the  numerical  algorithm  requires  small  steps  in  the 
integration  of  the  Takagi-Taupin  equations,  as  low  as  0.01  micron  along  the  edges  of 
the  Borrmann  fan  to  cottectly  follow  the  phase  shift  of  the  wavefields  inside  the 
Borrman  fan.  The  derivatives  of  the  strain  must  be  sampled  acetmling  to  the  model  of 
deformation.  For  the  mtxlels  describing  the  deformation  of  pie/oelectric  devices  a  mesh 
of  2x5  microns  seem  dense  enough. 

Profiles  in  one  incidence  plane  have  been  computed  and  are  in  agreement  with  the 
experiment.  First  tests  have  been  made  on  scalar  machines,  array  computers  (Cray)  and 
parallel  machines  (TMC  CM,5).  Other  parallel  machines  must  be  investigated  since  the 
speed-up  has  been  very  unsatisfactory  on  this  last  machine.  In  ;m_\  case  the  simulation 
of  white  beam  topographs  is  a  long  calculation.  1-or  an  image  ol'  .512\.512  pixels  it 
requires  3(K)  hours  on  an  IBM  R,S6()(K)/56()  and  is  estimated  to  10  Innirs  iMi  a  Crav 
C9(). 

More  sophisticated  models  for  the  defonnation  (Yong  Kong  1992)  will  now  be  studied 
Bibliography: 

C.A.M.  Carvalho  &  Y,  Fpelboin  a  (1993)  Acta  Cryst.  A49,  3,  4(10  407 
C.A.M.  Carvalho  &  Y,  Fpelboin  b  ( 1993)  Acta  Cryst.  A49,  3,  407-474 
Yong  Kong  Hong,  J.T.  Steward.  J.  Detaint,  A.  Zarka,  B.  Capelle  Y.  Zheng  ( 1992) 
IFFF  Trans,  on  IJltrason,,  F'erroclec.  &.  Freq.  C'ontrol  39,  .5,  (i09-0l7 
Y.  Zheng,  A.  Zarka,  B.  ('apelle.  J,  Detaint  .ft  J.  Schwart/el  (1989)  .Acta  C'rvst.  A45, 
27.5-285 
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Twinning,  Phase  Transitions  and  Crystal  (irowth 
Studies  from  100  to  800  K 


Robert  R.  Reebcr 

Department  ()fGeolo,^y  University  of  North  Carolina 
Chapel  Hill.  NC  27599-3315,  USA 

Morphological  measurements  have  been  precisely  determined  as  a  function  of  temperature 
for  different  inorganic  crystals  with  u  computer-controlled  traveling  Laue  x~ray  camera. 
The  in-situ  measurements,  available  over  a  temperature  range  from  100  to  800  K,  provide 
unique  insights  into  the  kinetics  of  phase  transitions  as  well  as  tlie  inlluence  of  crystal 
surface  to  volume  ratio  on  these  phenomena.  Premonitory  phase  transition  behavior  and  the 
effect  of  temperature  on  existant  twins  are  illustrated.  It  is  hoped  that  such  information  will 
be  of  significance  forundcrstandingpha.se  transition  bchaviorof  materials  and  petrological 
genesis  of  minerals. 
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STUDY  OF  PIEZOELECTRIC  MATERIALS  AND  PIEZOELECTRIC 
DEVICES  BY  X-RAY  TOPOGRAPHY 

B.Capelle,  A.Zarka,  J. Detaint*,  J.Schwartzel*,  E.Philippot**’ 

J.P. Denis*** 

LM.C.P.  4  Place  Jussieu,  75252  Paris  Cedex  France 
*C.N.E.T.  92225  Bagneu:<  France 
**LP.C.M.S  Universite  du  Languedoc  34095  Montpellier  France 
***Crismalec.  2  rue  des  Essarts,  ZI  ties  Mayencins,  38610  Cieres  France 


The  picz(x;lixiric  maicriuls  arc  obtained  by  two  main  growth  methods.  The  first 
one  is  the  hydrothermal  growth  method  used  for  quart/,,  berlinitc  and  phosphate  gallium 
and  the  second  one  is  a  pulling  method,  the  C/ochralsky  growth  method,  which  is 
u.sed,  for  instance,  for  lithium  tanialate,  lithium  niobate  and  langasite.  The  main  devices 
which  we  have  .study,  are  re.sonators  with  different  cuts  (AT,  ST.  Y  for  instance)  and 
filters. 

The  a.s.se.ssment  of  the.se  materials  perfection  by  X-ray  topography  will  he 
pre.sentcd  as  .some  results  concerning  the  acoustic  modes  and  the  interactions  between 
the  defects  and  the  acoustic  vibrations  in  the  cases  of  bulk  acoustic  waves  (B.A.W)  and 
surface  acoustic  waves  (S.A.W).  The  different  materials  have  been  .studied  by  reflection 
or  transmission  topography  conventionnal  or  stroboscopic  using  the  white  radiation 
delivered  by  the  DCI  synchrotron  at  LURE  in  France  and  a  Laue  .staling. 

To  u.se  the  stn)bo.scopic  experimental  set-up  the  rc.sonator  mu.st  be  designed  to 
have  a  vibration  resonant  at  a  frequency  equal  to  n  times  that  of  the  X  ray  synchrotron 
radiation  which  is  3.169280  MHz  at  DCI. 

The  white  beam  of  the  synchrotron  radiation  and  the  u.se  of  a  Laue  .setting  permit 
to  record  simultaneously  different  topographs  (each  spot  of  Laue  is  a  topograph)  with 
different  diffraction  vectors.  With  this  technic  the  .spatial  structure  of  the  vibration 
modes  can  be  analy.sed  and,  in  particular,  the  different  stationary  components  of  the 
modes  can  be  .seen  .separately.  The  strobo-scopic  topogra;  '.ly,  as  for  it.  is  the  only 
technic  which  permits  to  evidence  the  progre.s.sive  components  of  the  acoustic  modes 
when  they  exi.st. 

Different  results  concerning  the  interactions  of  the  acoustic  waves  with 
disliKations.  in  particular  in  a  ST  quart/,  slice  (SAW)  working  at  9.9MH/.,  will  be 
reported. 
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INVESTI(;A TION  OF  STRUCTURAL  PROPERTIES  OF 
InAs/AISb  SUPERLATTICES  BY  X-RAY  METHODS 


B.  Jenichen',  H.  Ncuroth',  B.  Brar-,  H.  Krocmcr- 

^ Paitl-Driuii’-histinn,  HnKsyo^tciplat:.  5,  D-IOl  17  Herlin,  Germaiiv 
-University  of  Ciilijhniia,  Santa  Bttrhttra,  California  *7M06,  USA 

I  he  coinbinalion  of  InAs  and  AlSb  in  helerostructures  offers  inlcrcsling  physical 
properties  such  as  a  large  conduction  band  offset  between  InAs  and  AlSb,  high 
electron  sheet  concentrations  and  high  electron  mobilities  in  InAs  [I],  In  the  present 
work  short-period  (InAs)(,/(AlSb)f,  superlattices  with  AlAs-like,  InSb-like.  or 
alternating  interfaces  are  studied  by  X-ray  diffractometry,  -rcnectivity  and  grazing 
incidence  diffraction.  The  superlattices  are  grown  on  GaAs  substrates  with  a  1  pm 
AlSb  buffer  layer.  Triple  crystal  measurements  reveal  that  the  inhomogeneous 
deformation  of  the  relaxed  buffer  layer  leads  to  a  peak  broadening  corresponding  t(' 
coherent  scattering  domains  with  a  size  of  150  nm.  Double  crystal  rocking  curves 
show  an  additional  broadening  and  shift  of  the  superlattice  peaks,  when  the  AlAs-like 
interface  is  grown  on  top  of  the  AlSb  layer.  'I’hc  average  relaxation  of  the  superlattices 
is  measured  using  asymmetric  retlections.  Linear  dislocation  densities  up  to  UV’  enr' 
between  the  buffer  layer  and  the  superlattice  are  determined  from  these  measurements. 
Rocking  curve  simulations  show  that  the  asymmetric  peak  broadening  may  be 
attributed  to  a  further  relaxation  of  the  supcrlatticc,  which  is  inhomogeneous  with 
depth.  The  diffusion  of  As  into  the  AlSb  layers  leads  to  an  additional  peak  shift.  For 
the  simulations  wc  iissumc  that  every  interface  consists  of  four  atomic  layers  of  a 
mixed  crystal  InSb/AIAs  with  a  composition  of  0.5.  i.e.  the  bond  lengths  show  some 
iclaxation  over  this  distance. 

Rcnectivity  measurements  reveal  quite  large  values  for  the  interface  roughness  up  to 
Inm.  rticsc  roughness  values  arc  prtrbably  a  measure  for  the  w  idths  of  the  interface 
layers,  since  the  method  can  only  measure  the  differences  in  chemical  composition. 
Measurements  of  the  diffuse  scattering  show  that  this  roughnes.s  is  highly  correlated. 
The  best  structural  quality  of  the  superlattice  is  achieved  when  InSb-like  interfaces  are 
grown  t)n  top  of  the  AlSb  layers.  Then  the  additional  relaxation  is  low  and  almost  no 
As  is  present  in  the  AlSb  layers.  The  reported  results  are  in  agreement  with  optical 
measurements  (photolumincscence.  Raman  scattering)  and  TEM  investigations  [2]. 

1 1 1  G.  Tuttle.  II.  Kroemer,  J.M.  English,  J.  Appl.  Phys.  57(1990)3032 
|2|  J.  Spitzer,  A.  Hbpner,  M.  Kuball,  M.  Cardona.  B.  Jenichen.  H.  Ncuroth. 

B.  Brar,  and  H,  Kroemer,  submitted  to  J. Appl, Phys.,  May  1994 
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VkRTK'AI.  StRKSS  in  LPE-Si-LAYERS  ON  SiOj/Si  EvaI. HATED  BY  X-RAY 
Double  Crystal  Topography 


R.  Kohler  IL.Ienichen  ^  H.  Raidt  E.  Hauser  and  N.  Nagel  '* 

'  Max-FUmck-AC  ..Rdntf^enhctifiuitfi  '  an  tier  HumhoUlt-Utiivcrsiuit 
Hausvo^teiphii:.  5-7,  D-IOI 17  Berlin 
Faiil-Dnide-lnstilui,  Hau.svo^teiplalz  -5-7,  D  101 17  Berlin 
‘  MB! Jiir  Fvstkiirperforsclnm^,  Heisenberi’str.  I,  D-70569  Stutt^ari 
^  </(7o,  now  (It:  SONY-Corp.,  Atxni’i  Tecitnolof’y  Center,  Japan 

SiliLon  on  insulalor  has  been  an  aim  of'  crystal  growth  for  a  long  time.  The  silicon  layer 
should  be  perfect  as  well  in  regard  (if  its  structural  as  of  its  electronical  properties, 
Silicon  layers  grown  by  liquid  phase  epitaxy  (LPF)  on  silicon  oxide  have  been  shown 
[1,2]  to  fulfill  the.se  requirements.  These  layers  were  produced  by  lateral  overgrowth 
starting  from  seeding  w  indows  etched  into  a  silicon  oxide  layer  on  a  silicon  wafer.  These 
layers  are  about  triangular  lamellae  extending  up  to  480  pm  |.^|  on  both  long  sides  from 
the  seeding  window.  Their  base  length  at  the  .seeding  window  is  then  up  to  1  mm.  The 
lamellae  are  predominantly  diskreation  free  and  atomically  smooth  but  curved  with  a 
radius  ol  10...  l.'i  mm. 

Wc  will  present  topographs  of  these  lamellae.  It  is  shown  that  a  direct  rellection  of  a 
silicon  lamella  is  observed  under  certain  diffraction  conditions  only.  However  contrast  of 
the  lamellae  is  observed  quite  generally.  This  contrast  is  due  to  stress  exerted  by  the 
lameilae  onto  die  substrate.  At  distances  up  to  about  .S0...1.‘)0  pm  from  the  seeding 
window  the  contrasts  indicate  a  relative  lattice  parameter  inciea.se  of  the  substrate 
peqiendicular  to  the  surfiice  of  Ad/d~10  ''.  This  corresponds  to  a  vertical  tensile  stress  of 
about  1  N/crn'.  Hy  taking  topographs  in  several  renections  a  considerable  shear  stress 
could  be  excluded. 

The  curvature  is  obviously  ittributed  to  a  tensile  stress.  That  could  be  proven  by 
underetching  the  lamellae,  i.e.  removing  the  oxide  layer  between  layer  and  substrate. 
.After  underetching  the  kuiiellae  are  nearly  plane  and  the  contrast  of  the  kunellae  in  the 
subst.-ate  leflection  vanishes  beside  some  residual  contrast  due  to  refraction  at  the  lamella 
edges. 

Wc  attribute  the  tensile  stress  and  the  corresponding  curvature  to  an  adhesive  force 
acting  onto  the  growing  layer  This  effect  may  be  of  general  importance  to  the  growth  of 
crystalline  layers  on  amorphous  substrates,  may  be  as  well  on  effectively  incommensurate 
substrates. 

[1|  R,  Bergmann.  E.  Czech.  1.  Silicr.  N.  Nagel.  E.  Bauser,  H.J.  Queis.scr,  R.P.  Zingg, 
and  B.  Hofllinger;  Appl.  Phys.  A54  (1492)  10.3 
12)  R.  Kohler,  B.  Jenichen,  E.  Bauser.  .md  R.  Bergmann:  J.  Appl.  Phys.  72  (1992)  405 
[.3]  N. Nagel,  Thesis.  IJniv.  Stuttgart  199.3 
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PRESENT  STATciS  THE  ESRF  TOPOGRAPHY  BEAMLINE 
-  NEW  EXPERIMENTAL  RESULTS  - 

R.  BarreiL  J.  Baruchel,  J.  Hartwig,  F.  Zontone 

iMropcan  Syttchroiron  Radiation  ^^dcilily.  HI*  220,  J  -3S0-43  ( Irctiohic 


The  advantages  of  synchrotron  radiation  for  X-ray  topography  and  diffractometry  are 
well  known:  high  intensity,  continuous  spectrum,  tunability,  polarisability  and  time 
structure  However,  the  present  setups  are  still  limited  by  their  flux,  the  non  availability 
of  high  energy  photons,  the  obtainable  resolution  and  the  small  size  of  the  admissible 
sample  environment  devices  The  characteristics  of  the  third  generation  synchrotron 
radiation  source  ESRF  are  such  that  the  above  mentioned  limitations  can  be  overcome. 
This  opens  new  possibilities  for  these  techniques  Experiments  can  be  carried  out: 

1  in  real  time  (exposure  times  down  to  about  lO'^s,  or  using  stroboscopy  to  lO  '^s), 

2  using  short  wavelengths  to  investigate  thick  and  heavy  ctystals,  3.  with  heavy  and 
large  sample  environment,  and  4  with  high  sensitivity  and  high  angular  and  spatial 
resolution. 

These  new  possibilities  are  illustrated  by  experiments  performed  on  the  IDl  1  'Materials 
Science’  and  the  D5  ‘Optical  Open  Bending  Magnet'  beamlines.  They  show  that 
a)  typical  exposure  times  for  white  beam  topography  (down  to  about  lO-^s)  are  about 
10-2  to  10--’  times  shorter  than  at  other  synchrotron  synchrotron  radiation  topographic 
setups,  b)  the  difiracted  beam  divergence  (about  2.5  lO-^  rad)  is  small  enough  to  retain 
a  good  spatial  resolution  when  setting  the  film  far  ( 1  meter)  from  the  sample,  c)  with 
short  wavelengths  (in  the  order  of  OOlnm  and  less)  is  possible  to  carry  out 
topographical  investigations  of  bulky  or  heavy  samples  or  to  detect  weak  long-range 
deformation  fields  of  defects,  d)  monochromatic  beam  topographs,  performed  on  a 
simple  setup  in  a  "low  divergent  wave"  or  "weak  beam"  mode,  give  clues  about  the 
actual  deformations  around  defects 

Special  attention  is  to  be  paid  to  the  heat  load  in  white  beam  topography  even  when  not 
working  with  highly  absorbing  and  thermally  insulating  materials.  Some  criteria  to 
estimate  and  minimize  the  effect  were  tested. 

Finally  we  report  the  present  state  of  the  1D19  ‘Topography  and  High  Resolution 
Diffraction’  insertion  device  beamline,  and  the  instrumentation  designed  to  optimize  the 
experimental  conditions.  It  is  expected  to  be  fully  operational  in  Autumn  1995. 
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HIGH  RESOLUTION  X-RAY  OPTICS  FOR  THE  3RI)  GENERATION 
SYNCHROTRON  RADIATION 


Tctsuya  Ishikawa 

Engineering  Research  institute.  Faculty  of  Enf>inecrin}>,  The  University  of  Tokyo 

2-11-6,  Yayoi,  Bunkyo-ku,  Tokyo  1 13,.lapan 

and 

SPrina-fi 

2-1 ,  Hirnsawa,  Wakn-shi,  Saiotama  351-01,  Japan 

Novel  high-resolution  x-ray  optics  are  being  developed  for  the  use  of  the  extremely  high 
brilliance  of  the  undulator  x-ray  beam  from  the  third-generation  synchrotron  light 
sources.  In  addition  to  the  usual  monochromatizaiion  and  collimation,  tailoring  of 
coherence  and  polarization  tu'e  important. 

Plane  wave  x-ray  optics  using  successive  asymmetric  reflections  will  gain  new 
roles  becau.se  they  can  manipulate  coherency  of  the  x-ray  beam,  as  preliminary  shown  by 
using  usual  bending  radiation  1 1 1.  Highly  collimated  and  spatially  conden.sed  undulator  x- 
rays  will  make  the  asymmetric  reflection  much  more  effective,  although  the  spatial  density 
of  x-ray  photons  are  diluted. 

Grazing  incidence  diffraction,  which  includes  the  extremely  asymmetric  diffraction 
as  a  special  ca.se,  are  now  being  widely  u.sed  for  surface  and  interface  diffraction.  This 
geometry  was  applied  to  the  depth  selective  diffraction  topography  [2],  which  images 
strain  field  localized  to  surface  or  interface. 

High  collimation  of  undulator  x-ray  beam  has  also  opened  up  a  new  possibility  of 
energy-tunable,  mili-eV  resolution  moiuKhromator  by  a  combination  of  flat  crystals.  We 
proposed  a  nested  channel-cut  (-t-n.-t-m.-m.-n)  mon(x;hromator  |3|  for  this  purpose,  and 
arc  now  working  for  the  realization  of  a  separated  four-crystal  monochromator. 

Polarization  manipulation,  especially  conversion  of  linearly  polarized  x-rays  to 
circularly  polarized  ones,  is  another  subject  of  x-ray  optics  which  will  find  wider 
applications  in  undulator  x-rays.  We  have  developed  transmission  Bragg  and  Laue  type  x- 
ray  pha.se  retarders  14).  Helicity  switching  up  to  1(X)  Hz  was  realized  15], 

1 1]  T. Ishikawa;  Acta  Crystallogr.,  A44  (1988)  496. 

[2]  S.Kimura  etal.:  Appl.  Phys.  Lett.,  60  (1992)  2604. 

13]  T.Ishikawa  Rev.  Sci.  Instrum.,  63  (1992)  1015. 

|4]  K.Hirano,  T.lshikawa  and  S.Kikuta;  Nucl.  Instrum.  Meth.,  A336  (1993)  343. 

(51  K.Hirano  et  ai:  Jpn.  J.  Appl.  Phys.,  31  (1992)  L12()9. 
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X-RAY  PHASE  PLATES  FOR  SYNCHROTRON  RADIATION 


C.Mal^range^,  J.GoutonK  F.de  Bergeviid-^,  C.Vi’ttier^ ,  A.FreuncO 
E.Dartyge'*,  A.Fomaine'*,  F.Baudeler*,  S.PizzinH 

[.European  Synchrotron  Radiation  Facility,  BP  220,  38043  Grenoble  Cedex,  France. 

2. Laboratoire  de  Mindralogie  et  Ciistallographie,  Universitds  Pari.s  6  et  7,  case  1 15, 

4  place  Jussieu,  75252  Paris  Cedex  05,  France. 

3. Laboraioire  de  Crisiallographie,  CNRS,  BP  166  X.  38042  Grenoble  Cedex,  France. 

4.  LURE,  University  Paris-Sud,  Bat  209,  91405  Orsay  Cedex,  France. 

Circular  polarization  is  an  essential  tool  for  circular  magnetic  x-ray  dichroism  (CMXD) 
experimenLs.  and  Compton  and  Bragg  magnetic  scattering.  Circularly  polarized  x-rays  arc 
available  from  synchrotron  sources  below  or  above  the  orbit  plane  from  bending  magnets 
or  asymmetric  wigglers  sources  or  from  the  on-axis  beam  of  helical  undulators.  We 
present  here  experimental  resulus  demon.strating  that  the  transformation  of  the  linear 
horizontal  polarization  into  circular  polarization  using  the  transmitted  beam  through  a 
quarter  wave  plate  (QWP)  in  Bragg  or  Laue  geometry  is  an  alternate  and  attractive 
technique. 

X-ray  pha.se  plates  use  the  diffeience  between  refraction  indices  for  a  and  n  polarizations 
(perpendicular  and  parallel  to  the  diffraction  plane  respectively)  at  or  near  a  Bragg 
diffraction  as  predicted  by  x-ray  dynamical  theory.  This  difference  depends  on  the  offset 
of  the  incident  wave  A0  (difference  between  the  angle  of  incidence  and  the  center  of  the 
diffraction  profile)  and  decreases  rather  slowly  outside  the  diffraction  profile.  Tire  use  of 
the  transmitted  beam  in  Laue  or  Bragg  geometry  for  rather  large  offsets  (order  of  several 
tens  arc.sec.)  can  take  benfit  of  this  property.  The  sensitivity  of  the  pha.se  plate 
performance  to  the  divergene  of  the  incident  beam  (order  of  80  arcsec.)  is  considerably 
reduced.  In  such  conditions,  good  diamond  cry.stals,  with  a  thickne.ss  of  about  1  mm  and 
then  a  rea.sonable  transmission  factor  have  been  .successfully  used  to  record  CMXD 
spectra  at  different  rare-earths  absorption  edges  from  Pr  Lp  (6440  eV)  to  Tm  Lpi  (8648 
eV). 

The  efficiency  of  the  phase  plate  has  been  measured  by  comparing  such  CMXD  spectra 
with  tho.se  obtained  with  the  standard  technique  which  u.ses  the  elliptically  polarized  beam 
below  the  orbit  plane.  The  experiments  have  been  performed  on  the  dispersive  absorption 
spectrometer  (station  Dll)  of  DCl  ring  (LURE,  Orsay,  France).  The  polarization  rate  and 
the  intensity  on  the  sample  were  higher  with  the  QWP  technique. 

Finally,  good  results  have  also  been  obtained  using  beryllium  plate  witli  a  mosacity  of  the 
order  of  80  arcsec.  It  will  be  shown  that  the  circular  polarization  rate  tlius  obtained  is  only 
slightly  lower  than  wiili  the  diamond  phase  plate.  Tire  good  efficiency  of  mosaic  crystals 
as  phase  plate  far  from  the  Bragg  peak  can  be  interpreted. 
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Optimised  Reflectivities  for  Diamond  Single 

Crystals 


Hy  J.D.Slf’phrtisoti 

Div.  G.22  I'edcral  InstiluU*  for  Materials  Ilcsearrli  and  r(‘slii>g, 

Ui.tor  d«>ii  Inrlic'ii  87,  122()r)  Bt-rliii, 

Abstract 

'I'liforctiral  opt.indsrd  rrllccUvirn’s  for  diamond  pci  lcct.  single  crvsl.als  arc 
dcl.i’rmincd  lor  nso  in  high  intensity,  low  mnitt.ance  synchrotron  radiation 
rings  such  as  the  I'iSUF  ((Jrc'noble). 

Bragg  (normal  incidence)  anrl  !>)  Lane  (synmn'tiic/asymmetric)  cases  will 
he  discussed  and  the  ('ffects  of  changes  in  ('flVctive  structure  factor, due  to 
polarisatioii/radiation  damage  will  be  consideri'd, 

'I'Ik'  results  for  a)  have  been  pidrlished  in  phys,stat.sol,(a)  188.  SO  ( 1008) 
and  111,  K88  ( 1001)  and  show  that  diamond  not  only  oifers  the  highest  Bragg 
reilectivity  relative  to  Si  or  (le  but  also  possesst's  many  additional  advanta¬ 
ges  (e.g,  sharpi’r  I'WHM,  higher  thermal  conductivity  ami  Di’bye- Waller 
factor)  which  are  ideal  for  the  new  generation  of  high  Ilux,  low  einittancc' 
SK-  facilities  such  as  the'  KHSK.  'I’he  application  of  ‘normal  inciilence'  Bragg 
rellectivities  and  I ransmittivitic's  for  diamond  outline  this  crystal’s  eventual 
use  for  the  const  ruct  ion  of  a  hard  X-ray  free  ('lect.ron  laser  (X1‘'I')L)  in  a  fonrt.h 
generat  ion  SU-fat  i  1  itv. 

Tlu'  results  for  h)  will  !)<■  published  later  ami  maiidy  <h'al  with  tin*  oijti 
inisation  of  Laue-dilfracied  beam  intensities  llirougli  thin  diamond  crystals 
now  (  urreutly  in  op<uation  at  tlu'  '  I'roik.i'  heainline.  LSH l''((lreuol)le).  The 
use  (tf  diamond  single  crystals  in  this  held  have  tlu-  very  great  advantage 
of  high  tlu-rmal  conductivity/low  thermal  bump  first  SK/monochromators 
with  consecpient  minimum/zero  deviation  and  intensity  loss  in  th<'  diffracted 
Ix-ain  direct  ion. 


37 


X-RAY  CRYSTAl.  OmCS  FOR  DIAGNOSTICS  AND  AFPLICATIONS  OF  LASER- 


PRODUCED  PLASMAS 
E.Forslcr 

M(ix-Pl(inck-Arbeils}>ruppe  "Knnt}>cnoptik"  an  der  Fnedrich-ScliillL’r-Universitdi  Jena, 
Mcix-Wien-Ptau.  I.  07743  Jena,  Gennany 


Laser  produced  plasmas  have  teinperalures  of  lO*  -10'  K  and  so  cir.il  X-ray  pulses  in  the  spectral 
region  0.1  to  10  nm  with  pulse  lengths  Ips  -  10ns.  The  emitted  X-ray  spectrum  depends  on  space, 
time  and  direction.  It  contains  important  information  about  pl'isma  tempertiture  and  density,  and  the 
distribution  of  highly  ioni/.ed  ions. 

Schemes  with  crystals  bent  in  one  oi  two  dimensions  tire  particularly  suited  to  obtain  high  resolution 
spectra  and  (|uasi-monochromalic  images  of  high  lempeiiiture  plasmas  in  the  spectral  region  up  to 
2.f)nm|ll.  The  sources  being  investigated  at  present  are  imploding  hiser  fusion  targels[2J,  counter¬ 
streaming  plasm;is|3|.  X-ray  la.ser  plasmas  and  laser-target  interactions  with  sub-picosecond  laser 
pulses.  When  the  generation  of  X-rays  is  optimized,  sources  of  incoherent  or  coherent  X-ray  pulses 
will  become  avtiilablc.  for  real  lime  experiments  and  will  et|ual  or  surpitss  current  undulator  or 
wiggler  sources  in  brilliance. 


1.  E. Forster,  K.Giibel  and  I.Uschmann,  Rev. .Sei. lustrum.  .‘i012-.S()l()  ( iny2) 

2.  I.Uschmann,  E. Forster,  U.Nishimura,  K.Fujita,  Y.Kaio  and  .S  Nakai 

Kev  .Sci.Insirum.  in  press. 

3.  E.Fdr.ster,  I.Uschmann,  M.Dirksmdller,  C.Chenais-Fopovics,  P.Kenaudin,  O.Rancu  and 

J.C.Gauthier .  Proc.SPIE,  2iIL5.  78-85  (1994) 
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SYNCHROTRON  X-RAY  OPTICS  EXPERIENCE  AT  THE  ESRF 


Andreas  K.  Freund 

European  Synchrotron  Radiation  Facility, 
B.P.  220,  F -38043  Grenoble,  France 


A  short  overview  of  the  research  and  development  that  has  been  carried  out  at  the 
ESRF  in  the  field  of  hard  x-ray  optics  for  synchrotron  radiation  in  the  past  few  years 
is  presented.  This  includes  four  topics:  mirrors,  single  crystals,  multilayers  and  the 
particular  question  of  how  to  solve  the  high  heat  load  problem.  Also  focusing  issues 
will  be  addressed  like  sagittally  curved  crystals,  meridional  focusing  by  multilayers  and 
two-dimensional  focusing  by  toroidal  mirrors. 

Although  time  constraints  restrict  this  presentation  to  a  more  general  level  several 
highlights  are  mentioned  like  the  performance  of  diamond  at  very  high  heat  loads,  the 
efficiency  of  phase  plates  based  on  Si,  diamond  and  Be  single  crystals,  the  development 
of  supermirror-multilayer  stnictures  and  bimorph  benders  made  of  piezoelectric 
ceramics. 
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DEPTH  RESOLVED  ANALYSIS  OF  THE  STRAIN  PROFILE  IN 
SEMICONDUCTOR  SUPERLATTICES  USING  X-RAY  GRAZING 

incide:nce  diffraction 


L'.Pictsch 

Insututf  of  Solid  State  Physics,  University  Pnisdam,  D  14415  Potsdam,  (lermatiy 

During  epitaxial  growth  of  seiiiiconciiictor  superlattices  (SL)  a  considerable  lattice 
parameter  mismatch  tmist  be  accotnodated.  As  long  as  the  lateral  lattice  paratiieter 
dilTerence  between  the  layers  is  small  (coherent  growth)  the  total  energy  ot‘ distortion  is 
taken  up  by  the  layers.  In  case  of  a  larger  difference  partial  lattice  relaxation  appears 
which  depends  on  the  total  tliickncss  of  SI.  t,,.  and  the  thickness  ratio  lielween  the 
sublayers.  A  closer  investigaiioti  of  the  real  structure  of  multilayers  recjuires  tnethtxls 
which  are  able  to  evaluate  these  structure  [Kirameters  witli  respect  to  the  depth  of  SI..  In 
the  direction  of  growth  the  lattice  mismatch  is  typically  measured  by  conventional  high 
resolution  diffractiometry.  Decause  the  penetration  depth  of  the  probing  X-ray  beam  is 
much  larger  than  l„„  only  averaged  parameters  can  be  obtained.  1lie  lateral  lattice 
mistnatch  can  only  be  given  indirectly  and  therefore  nither  inaccurate. 

Depth  rcsolulioti  is  obtained  by  the  technique  of  grazing  inciilcnce  diffraction  (GID)'.  Iti 
this  case  the  "information  depth"  t,„i  is  controlled  by  the  angle  of  incidcticc  a,  and  exit 
a,  of  the  .X-ray  beam  with  respect  to  the  sample  surface,  llic  lateral  lattice  parameter 
cati  be  obtained  in  different  tlcpths  below  the  surface.  Additionally,  the  vertical  density 
profile  is  probed  measuring  the  intensity  distribution  along  u,  ("nxl  scan")  for  tliffercnl 
a,  Tor  «,<  a,  (  a,  -  critical  angle  of  total  external  reflection)  t„j  is  reduced  to  the  top 
layer  und/or  the  up)x;r  SL.-period.  With  increasing  a.  fuHher  layers  contribute  to  Ihe 
scattering  signal.  Itt  addition  to  the  "surface  )x.*ak"  which  is  visible  at  u.  “  a,  "SI.- 
peaks"  appear  for  special  a,  =  o.m  .  The  anguhir  separation  between  the  Osi  is  a  measure 
for  the  Sl.q'tericxi. 

This  tcchni(|ue  has  beoti  successfully  applied  at  the  example  of  a  lattice  matched  SI.  of 
GaoMltiiM-As/InPfOOl  I  grown  by  a  MOCVD  '  containing  an  enlarged  ciuanlum  well 
(F.OW).  Measuring  the  rod  scans  at  the  anglular  position  of  the  (220)  in-  plane  Bragg 
peak  we  found  a  double  )x;ak  behaviour  of  the  reconled  SI,  peak.  The  intensity  ratio 
between  both  subpeaks  varies  changing  u, .  litis  allows  an  accurate  tletemiination  of 
the  depth  of  the  FQW  Ix'low  the  surface  and  its  thicknes.s  in  an  accuracy  better  than  .*i%. 
A  furliier  example  demonstrates  that  the  GID  technique  is  able  to  identify  buried  single 
monolayers  within  perfect  scmicondnc.ors. 

A  variation  of  structure  parameters  with  depth  is  obtained  for  varittiis  strained  Itiyer 
Gai.diiii.  As/GaAs  Sl.'s  grown  on  GaAsl(K)l  [  by  MBK  ‘ .  fhe  thickness  of  the  individual 
active  layers  I,  is  chosen  smaller  than  the  critical  thickness  for  building  of  niisni 
(lishx’ations.  Keeping  t,  .  fixed  the  degree  of  reh'.xntion  increases  for  decreasing 
thickness  of  GaAs  barriers  t,..  Depth  resolution  demonstrates  that  the  majority  of  niisftt 
diskxrations  is  kwalized  close  to  substrate  interface.  Within  the  SL  tnicrodomains 
appear  with  a  lattice  parameter  mismatch  to  the  suiTounding  lattice,  Tliey  are  inclined 
up  to  some  1/10  deg.  with  respect  to  the  surface  iionnal.  The  averaged  relaxation  degree 
is  nearly  constant  over  the  whole  SL  exept  if  the  SL  is  covered  by  a  thick  top  layer. 

Thcti  we  find  in  fact  a  variation  of  the  in-planc  lattice  paratnetcr  with  depth.  Tliis  may 
be  understtxxi  by  a  stepwise  lattice  defonnation  of  the  GaAs  top  layer  near  the  interface 
to  the  SL. 

'  U.Pietsch  iti  "Surface  X-Ray  and  Neutron  Scattering",  ed.by 
H.Zabel  andl.K.Robinson,  Springer  Verlag  1992 
■  lJ.Pietsch,W..Scifert,  H. Metzger,  S.Rugel,  and  J.PcisI,  Appl.Phys.Lett.  1994  submitted 
'  U.Pietsch,  H. Metzger,  S.Rugel,  B.Jenichcn  and  I.K. Robinson,  J.Appl.Phys.74,  2381 
(1993),  D.Rose,  U.Pietsch,  A. Forster,  H.Metzger  Physica  B  1994  in  press 
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X-Ray  triple  crystal  diffractrometry  characterisation  of  defects  in 
lattice  mismatched  epitaxial  structures 

K.N.Kyutt,  S.S.  Ruimov,  T.S.Argunova,  N.N.Kalcev 

Ioffe  Physical-Teclink'dl  Institute  of  the  Russian  Academy  ofSciem  'cs,  Poliiekhnicheskaya 
26,  St.-Petershtirf’  1^4021.  Russia 

Over  the  last  lew  years  X-Ray  triple  crystal  dilTractomeiry  has  proved  to  he  a  poweii'iil  tool 
to  analyze  a  dilTraeted  intensity  in  two  directions  in  the  scattering  plane.  Wc  report  here  a 
coniprehensive  X-ray  dilTraction  study  examining  hctcrostriictiires  (HS)  with  a  misfit  of 
lattice  parameters  in  the  interfaces.  The  ohjects  under  study  were  the  following, 

Sii  ,;Gc,/,Si  ll.S,  (laSb  layers  strongly  tnismatched  to  GaAs  substrates.  YBaC'uO  films 
grown  on  various  substrates  etc.  Symmetric  and  asymmetric  Bragg, Lane  and  grazing  inci¬ 
dence  settings  were  used. 

It  was  shown  that  the  shape  of  the  diffraction  curves  indicated  the  type  of  the  delect  arran¬ 
gement.  namely  the  Goloumb  type  or  dislocations.  Since  the  latter  are  known  either  to  form 
regular  networks  or  to  propagate  thrugh  the  layers,  we  have  studied  the  patterns  due  to  the 
both  ca.scs  and  the  basic  points  of  the  identification  each  of  them  has  been  established. 
Triple  a,\is  setting  permits  an  assesstnent  of  the  structural  quality  across  the  layer  depth. 
With  ait  analyzer  remaining  fi.Ked,  we  made  a  series  of  theta  -  scans  and  evaluated  the  depth 
of  dislocation  netw'orks  as  well  as  the  location  of  the  C'oulomb  type  defects  from  the  shape 
iind  the  position  of  the  peaks. 

Dealing  with  strongly  mismatched  HS.  wo  considered  the  peak  broadenings  as  being  due  to 
the  contributitins  coming  from  three  sources.  One  was  a  delation  provided  by  randomly  dis¬ 
tributed  ilislocations  inside  the  layers.  Second,  there  was  a  tilt  associated  with  grain  boun¬ 
daries  or  the  dislocation  arrays.  Third  was  the  finite  size  of  coherent  scattering  regions. 
When  we  plot  the  dependence  of  the  broadenings  in  two  directions  on  the  Bragg  tingle,  we 
e.xtracled  and  analyzed  the  contributions.  Twaiof  them,  the  strain  tind  the  tilt ,  were  used  for 
the  identification  of  the  dislocation  types  in  the  following  way:  since  the  dislocations  Bul¬ 
gers  vectors  derive  from  the  asymmetrical  tensor  e<f  crystal  lattice  distorsions,  they  can  be 
found  from  the  extracted  components  by  using  various  diffraction  geometries. 

The  X  ray  study  of  nanostiueiures  with  a  misfit  accomodated  by  dislocations  was  discus¬ 
sed. 

We  considered  the  problems  associated  with  a  simulation  of  diffraction  curves  from  ll.S 
containing  defects  insitle  the  layers,  The  ways  of  obtaining  intcrplanar  spacing  depth  profi¬ 
les  w'cre  shown. 

The  structural  parameters  determined  from  the  X-ray  data  were  in  a  good  agreement  with 
THM  results. 
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High  Resolution  X-Rav  Diffraction  from  Epitaxial 
Multilayered  Surface  Gratings 

the  Influence  of  the  fine  structure  near  the 

QQQ-recigrocal  latti££.pQint 

G.T.  Baumbach,  M.  Gailhanou,  P.  Mikulik,  M.  Bessiere 


X-ray  diffraction  from  epitaxial  multilayered  surface  gratings  has 
been  studied  experimentally  by  a  high  resolution  triple  crystal 
diffractometer  and  theoretically  in  terms  of  a  semi-dynamical 
diffraction  theory  based  on  a  second  order  distorted  wave  Born 
approximation. 

Laterally  periodic  super-siructured  crystals  show  a  two  dimensional 
fine  structure  in  the  vicinity  of  their  reciprocal  lattice  points  formed 
by  equispaced  truncation  rods  perpendicular  to  the  cry^stal  surface. 
The  diffraction  pattern  along  a  truncation  rod  depends  on  the  grating 
shape  function  and  the  intrinsic  setup  of  the  grating  period.  In  our 
case  the  surface  gratings  are  formed  by  epitaxial  and  partially  etched 
superlattices  giving  rise  to  superlattice  diffraction  peaks  in  the 
grating  truncation  rods. 

Additionally  the  fine  structure  near  the  000  reciprocid  lattice  point 
causes  multiple  beam  diffraction  also  in  the  planar  part  of  the 
sample  below  the  grating.  As  a  result  the  planar  multilayer 
influences  the  grating  truncation  rods  of  non-zero  order  and 
dominates  partially  its  diffraction  pattern. 
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EXPLOITATION  OF  N-BEAM  DYNAMICAL  EFFECTS  IN  PSEUDO- 
KOSSEL  DIFFRACTION  PATTERNS  OF  NEARLY  PERFECT  CRYSTALS 


A.R.  Lang 

H.H.  Wills  t’hysics  Laboratory,  University  of  Bristol,  Tyndall  Avenue, 

Bristol  BSS  ITL,  England. 

Divergent-beam  X-ray  diffraction  patterns  that  subtend  a  substantial  solid  angle  at  the 
specimen  exhibit  an  abundance  of  intersections  of  Kossel  cones.  This  applies  equally 
whichever  of  the  three  well-known  methods  of  pattern  excitation  is  employed;  the 
three  methods  being,  respectively,  the  original  Kossel  &  Voges  (1935)  arrangement  in 
which  the  specimen  crystal  was  it.self  the  anticathode  of  the  X-ray  tube,  the  method  of 
Seemann  (1930)  using  an  X-ray  tube  providing  a  wide  cone  of  X-rays  to  fall  on  the 
specimen  crystal,  and  the  present-day  popular  method  utilising  a  SEM  electron  beam 
to  produce  a  small  source  of  characteristic  X-rays  within  a  thin  film  of  the  appropriate 
element  in  contact  with  the  specimen.  In  the  la.st  method  X-rays  are  emitted  into 

essentially  a  27t  solid  angle  within  the  crystal;  it  is  referred  to  as  the  pseudo-Kossel 
method, 

Kossel  cone  intersections  can  be  classified  into  A-point.s,  accidental,  that 
involve  any  two  cones  corresponding  to  diffraction  vectors  gi  and  g2.  'vith  Bragg 

angles  0i  and  02,  when  the  angle  a  between  gi  and  giis  such  that  a  <  7i  -  0|  -02- 
These  intersections  give  3-beam  diffraction  conditions:  0,  gi,  g2.  More  complicated 
are  points  on  the  Kossel  pattern  where  three  or  more  lines  (i.e.  loci  of  intersection  of 
Kossel  cones  by  the  X-ray  film)  have  a  common  crossing  point  resulting  from  crystal 
symmetry,  These  points  of  systematic  simultaneous  reflection,  S-points,  are 
produced  by  Bragg  planes  that  are  tautozonal,  provided  that  the  common  line  of 
intersection  of  their  corresponding  reciprocal  lattice  planes  has  a  segment  lying  within 
the  sphere  of  reflection.  At  S-points  n-beam  (n  5  4)  simultaneous  diffraction  occurs. 
In  the  transmitted  divergent  beam  patterns  given  by  highly  absorbing  but  perfect 
crystals,  strongly  increased  anomalous  transmission  is  ob.served  at  A-points  and  S- 
points  (Bormiann  1959,  Borrmann  &  Hariwig  1965,  Hildebrandt  1966,  Post,  Chang  & 
Huang  1977.)  The  present  work  de.scribes  new  observations  of  rme*structure,  on  the 
scale  of  a  few  arc  seconds,  that  can  be  detected  within  the  relatively  large  overlap  area 
of  wavelength-dispersion-broadened  intersections  of  Kossel  lines.  Besides  their 
theoretical  interest,  these  fine-structures  superimpose  'markers'  on  an  otherwise 
relatively  diffu.se  diffraction  pattern,  and  should  be  exploitable  in  lattice-parameter 
measurements, 
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THE  STUDY  OF  TRANSMISSION  PHASE  CONTRAST  OF  NON- 
CRYSTALLINE  OBJECTS  WITH  A  HIGH-RESOLUTION  X-RAY 

DIFFRACTOMETRY 


E.A.Beliaevskaya,!)  V.N.Ingal,!)  P.V.Pctrashenl) 

I )  X~rciy  Lahonitory,  2)Riidic(m  Ltd.  Mcdookhtinskiipr.  6S.  1^5272,  Sl.Pctt'r.<!hurf>.  Ku.s.sui 

In  recent  years  a  new  imaging  technique  appeared,  using  the  double-crystal 
arrangement  to  study  low-absorbing  non-crystalline  objects  [l~4|.Tbe  object  is 
illuminated  with  a  beam  produced  by  a  pcrlcct  crystal  monochromator.  The  object  itsell' 
may  have  negligible  absorption,  but  it  introduces  the  pha.se  modulation  into  the  transmitted 
beam,  which  is  visualized  with  help  of  the  perfect- crystal  analyzer.  The  wide  variety  of 
experimental  applications  is  accuimilated  now  (see  |4]).  But  the  image  formation  in  this 
technique  was  not  studied  thoroughly  yet. 

Two  main  versions  of  the  technique  are  known:  the  first  one.  1 1-2|.  uses  the  analyzer 
crystal  in  Bragg  (reflection)  geometry,  the  second  one.  j.f  4|,  in  l.auc  (transmission) 
geometry.  Despite  their  apparent  similarity,  these  two  versions  arc  rather  different 
regarding  the  image  formation  and  (he  contrast  sensitivity.  Here  we  unaly/e  (he  image 
formation  with  Laue-type  analyzer.  The  objeet  r>f  study  is  a  polyethylene  tube  filled  with 
water,  containing  tdso  the  air  bubbles.  This  objects  contains  two  types  of  boundaries: 
air-polyethylene  and  polyethylene -water,  giving  rather  strong  and  very  weak  phase 
ehiinges  correspondingly,  allowing  to  estimate  the  sensitivity  of  the  method.  In  order  to 
trace  out  the  iiinuetiee  of  the  analyzer  thickness,  the  wedge-shaped  analyzer  was  used. 
Both  iransniitted  and  diffracted  beatns  were  registered  after  the  analyzer.  The  itnages  were 
taken  at  different  dellcctions  from  exact  Bragg  analyzer  position. 

In  Bragg  position  the  object  boundaries  arc  seen  black  (decreased  intensity )  in  diffracted 
beam  and  black  or  black-and-white  in  transmitted  one.  Moreover,  the  white  image,  if  seen, 
is  located  always  on  the  same  side  front  the  black  one.  corresponding  to  the  direction  of  the 
incident  beam  and  not  depending  on  the  sign  of  the  pha.se  gradient.  This  can  not  he 
explained  on  the  assumption  made  in  1 1  2].  that  the  contrast  is  due  to  the  dellection  of 
beams  refracted  in  the  object  outside  the  Bragg  reflectivin  of  the  analyzer,  The  image  in 
transmitted  beani  would  be  only  white  in  this  ease.  The  explanation  is  given  on  (he  base  of 
the  dynamical  diffraction  theory  -•  the  known  effect  of  the  angular  amplification  of  stnall 
iletlections  from  the  Bragg  position  creates  shadow  in  the  center  of  the  Borrmann  fan  in  the 
area'<  with  strong  phase  gradient,  and  (his  effect  holds  for  both  (ransmittetl  and  diffracted 
beams.  The  white  image  in  transmitted  wave  is  produced  by  deflected  rays,  which  have 
essential  intensity  only  along  the  incident  wave  direction.  Depending  on  the  sign  of  the 
phase  gradient  these  rays  belong  to  different  wave  fields  in  the  crystal,  so  the  brightness  of 
the  itnage  varies  also  due  to  anontalous  absorption.  Other  features  are  discussed  also  and 
sample  calculations  are  presented. 

1.  N, Mitrofanov  et  al..  USSR  authors  certificate  SU  1402871  Al,  priority  l.TI  1,86. 
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STRUCTURAL  CHARACTERIZATION  OF  GaAs  GROWN  AT  LOW 
TEMPERATURES  (LT-GaAs)  BY  MOLECULAR  BEAM  EPITAXY 

R.J.  Matyi 

Dept,  of  Materials  Science  and  Engineering 
University  of  Wisconsin,  Madison,  WI 53706  USA 


The  growth  of  GaAs  at  low  substrate  temperatures  (LT-GaAs)  results  in  two  major 
modifications  to  the  otherwise  "normal"  crystallographic  structure  of  GaAs:  (1)  the 
incorporation  of  extremely  high  levels  of  excess  arsenic  in  the  as-grown  LT-GaAs 
layer;  and  (2)  the  nucleation  and  growth  of  As-precipitates  when  LT-GaAs  is  annealed 
at  elevated  temperatures  following  epitaxial  growth.  X-ray  diffraction  is  ideally  suited 
for  the  analysis  of  as-grown  and  annealed  LT-GaAs  and  can  yield  information 
concerning  either  the  "average"  structure  of  the  epitaxial  layer  (such  as  the  average 
lattice  parameter  or  the  degree  of  strain  accommodation  with  the  substrate)  or 
statistically  distributed  distortions  in  the  LT-GaAs  lattice.  We  have  used  high 
resolution  x-ray  diffraction  methods  to  determine  that  despite  the  incorporation  of  more 
than  1%  excess  arsenic,  layers  of  as-grown  LT-GaAs  can  exhibit  crystallographic 
perfection  superior  to  that  of  the  substrates  on  which  they  are  deposited.  The  structural 
quality  of  the  LT-GaAs  was  found  to  depend  strongly  on  the  ratio  of  the  AS4  and 
gallium  fluxes  used  in  the  MBE  growth.  High  resolution  triple  crystal  x-ray  diffraction 
scans  (shown  below)  demonstrate  that  at  low  flux  ratios,  the  LT-GaAs  was  virtually 
indistinguishable  from  the  substrate.  At  higher  flux  ratios,  we  observe  (1)  an  increase 
in  the  magnitude  of  diffuse  scattering  as  well  as  an  anisotropy  in  the  scattering,  and  (2) 
a  degredation  in  the  crystal  truncation  rod.  Further  increases  in  the  As4/Ga  ratio 
resulted  in  copious  diffuse  scattering.  We  have  developed  a  model  of  point  defect 
aggregates  that  at  least  partiailyl  accounts  for  the  observed  diffuse  scattering. 
Differences  have  also  been  observed  in  the  diffuse  scattering  from  n-  and  /j-doped  LT- 
GaAs.  Analysis  of  annealed  LT-GaAs  layers  using  high  resolution  diffraction  methods 
has  shown  the  development  of  long-range  strain  fields  within  the  epitaxial  layer  that 
arise  from  distortions  of  the  GaAs  lattice  due  to  the  growth  of  the  arsenic  precipitates. 
We  have  used  the  excess  diffuse  scattering  that  surrounds  the  Bragg  reflection  to 
quantitatively  determine  the  sizes  and  concentrations  of  arsenic  precipitates  in  annealed 
LT-GaAs.  The  average  size  of  the  arsenic  precipitates  determined  from  these  diffuse 
scattering  analyses  are  in  resonable  agreement  with  precipitate  size  measurements  made 
with  electron  microscopy.  Using  these  methods  of  x-ray  analysis,  the  formation  of 

arsenic  precipitates  in  LT-GaAs 


can  be  understood  as  a  process 
that  is  similar  to  the  much- 
studied  oxygen  precipitation  in 
Czochralski  silicon. 


(left)  004  triple  crystal  x-ray 
diffraction  scans  from  LT-GaAs 
grown  by  MBE  with  different 
As4/Ga  flux  ratios. 
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CHARACTERIZATION  OF  IIIA'-HETEROSTRUCTDRCS  GROWN  BY 
SELECTIVE  AREA  EPITAXY  USING 

DOUBLE-CRYSTAL  X-RAY  DIFFR.\CTOMETRY  WITH  HIGH  LATERAL 

RESOLUTION 


A.Iberl.  H.Gobel,  H.Hcineckc'' 

Siemens  Corporate  Research  and  Development,  D-HI730  Munich 
*  University  of  IJlm,  Dept.  Semiconductor  Physics,  D-H9069  Him 

There  is  a  particular  interest  in  characterizing  Ill/V-heterostriictures  grown  on  patterned 
surfaces  by  laterally  resolved  X-ray  diffraction  For  this  purpose,  a  new  convergent-beam 
double-crystal  X-ray  diffractometer  has  been  developed.  The  X-ray  beam  is  focused  onto 
the  sample  by  means  of  a  cylindrically  curved  mirror  as  a  sharp  line  focus.  A  position 
sensitive  proportional  counter  is  used  for  the  parallel  recording  of  rocking  curves  along 
the  line  focus.  The  instrument  allows  the  parallel  recording  of  several  hundred  rocking 
curves,  each  representing  an  area  of  20  x  40  pm-  of  the  sample 

Using  selective  area  epitaxy  (SAL)  epitaxial  growth  occurs  locally  in  unmasked  areas 
defined  by  dielectric  material  deposited  on  a  semiconductor  substrate.  We  investigated 
SAE-samples  that  were  grown  by  two  ditferent  techniques:  metal-organic  vapour  phase 
epitaxy  (MOVPE)  and  metal-organic  molecular  beam  epitaxy  (MOMBH)  The  hetero¬ 
structures  consist  of  ternary  and  quaternary  layers  based  on  the  Ga-ln-As-P  material 
system  deposited  on  InP-substrate  The  aim  of  our  experiments  was  to  determine  the 
layer  mismatch  approaching  the  growth/non-growth  boundary  Therefore  rocking  curves 
were  recorded  across  the  mask  edges  The  rocking  cuiwe  measurements  show  variations 
of  the  stochiometry  at  the  dielectric/scmiconductor  boundary  of  MOVPE  grown  ternary 
layers.  These  variations  indicate  an  increasing  In-content  at  the  mask  edge.  This  effect 
docs  not  depend  on  the  crystallographic  orientation  of  the  mask  edge,  fhe  stochiometric 
inhomogenities  are  less  pronounced  if  the  growth  rate  of  the  layers  has  been  reduced. 
The  position  resolved  rocking  curve  measurements  describe  the  distorted  regions  of  the 
grown  layers  near  the  mask  edge 

Our  results  have  been  confirmed  by  position  resolved  photoluminescence  measurements. 
Investigations  of  different  MOMRE  grown  samples  did  not  show  any  variation  of  the 
lattice  mismatch  close  to  the  growtli/non-growth  interface  From  this  it  may  be  con¬ 
cluded  that  the  MOMBE  SAE  enables  undisturbed  growth  up  to  the  mask  edge. 
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DETERMINATION  OF  THREADING  DISLOCATION  DENSITY  IN 
HETERO-EPITAXIAL  LAYERS  BY  DIFFUSE  X-RAY  SCATTERING 


E.KoppensteIncr,**  A.Schuh,^  G.Bauer,®  G.P. Watson,^  and  E.A.Fitzgerald** 

fiir  Halhleiterphysik,  Johannes  Kepler  Universitw  A-4040  Linz,  Austria 
T&  T  Hell  Uihoraties.  Murray  Hill.  NJ  07974,  USA 

Wl*  report  on  it  novel  approach  for  the  deterininittion  of  dislocation  densities  based  on 
the  analysis  of  the  two  dimensional  (2D)  intensity  distribution  of  diffuse  x-ray 
scattering  measured  in  the  diffraction  plane  by  triple  axis  x-ray  reciprocal  space 
mapping.  It  is  based  on  Holy's  formalism  for  the  simulation  of  experimental 
isointensity  contours  using  either  the  mosaic  bkKk  model  (MBS:  piled-up  dislocations) 
or  the  model  baseii  on  random  clastic  strain  fields  (BLD:  randomly  oriented 
dislocations).'  The  corre.s|H)nding  two  sets  of  parameters  which  i|uantitalively  describe 
the  defect  structure  in  the  epitaxial  layers  are  used  for  calculating  the  threading 
dislocation  density,  b'or  the  MBS  model,  the  mosaicity  paiaineteis  (mean  block  size  and 
misorientatton)  were  used  according  to  Clay  et  ah-  However,  for  the  RHD  model  the 
new  ansatz  is  ti  caculatioti  based  on  an  energy  balance.  The  simulation  of  the  2D 
intensity  contours  yields  the  random  strain  field  from  w'hich  the  energy  density  stored 
iti  the  e|iil;iyer  due  to  the  presence  of  defects  was  calculated.  On  the  other  hand  the  self 
energy  of  threading  dislocations  is  calculated  assuming  ot)''  or  screw  type  dislocations 
and  taking  the  crystal  ansiotropy  into  account.  The  threading  dislocation  density  is 
obtained  by  dividing  the  energy  density  by  this  self  energy.  'I'he  procedure  is  iterative, 
the  calculation  of  the  dislocation  self  energy  reiiuires  an  initial  value  of  the  outer  cut  off 
ratiius,  i.e.  of  die  spacing  of  the  threading  dislocations. 

riiis  method  was  applied  for  the  analysis  of  five  .Side  layers  (B2)  grown  on 
compositionally  graded  SiCic  alloy  buffer  layers  rB  1 )  deposited  on  (001 )  ,Si  substrates. 
The  buffers  If  1  are  graded  up  to  nominally  30'/f  Cie  in  steps  with  different  grading  rates 
( 10,  20  and  dO'/rGe/pm)  Yielding  threading  dislocation  densities  in  the  buffer  layers  B2 
(x(;e=-30%,  Iftm  thick  )  from  5xl()-’cnr2  to  IxlO^cnr- as  deteimined  from  EBIC 
data.'  (004)  and  (224)  reciprocal  space  maps  of  the  substrate  and  the  buffers  were 
analyzed.  Our  analysis  of  the  diffu.se  x-ray  scattering  reproduces  the  increase  of  the 
dislocation  densities  in  B2  with  higher  Ge  grading  rates  quite  well,  and  moreover  yields 
upper  limits  for  the  threading  dislocation  densities  which  are  about  a  factor  of  10  higher 
than  those  deduced  from  the  EBIC  data,  .However,  if  disUxation  interaction  is  taken  into 
account  in  the  analysis,  this  factor  reduces  to  about  three. 

■v.Holy  et  af,  J.  Pliys.  D:  Appl.  Phys.  26,  AI46(!993). 

2p.Gay  et  al.,  Acta  Metall.  1,  315  (19.53). 

3G.P.Watson  et  al.,  J.  Appl.  Phys.  25.  263  (1993). 
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Sektion  Physik,  Ludwig- Maximilians-Universitdt  Miinchen 


The  murphology  of  thin  films  on  top  of  laterally  structured  surfaces  (here  Si  surface 
gratings:  spacing  1  pm,  height  13()A)  was  studied  by  x-ray  diffraction  in  the  region  of 
total  external  reflection  [1]. 

Polystyrene  films  with  thicknesses  of  2(K)A  to  7()0A  were  deposited  on  the  samples. 
The  reflected  intensity  yields  the  averaged  density  profile  of  the  system,  whereas  the  q.- 
scans  along  the  positions  of  the  diffraction  orders  of  the  grating  are  sensitive  to  the  in¬ 
plane  structure.s  of  the  films.  A  theory  developed  by  Joanny,  Andelmann,  and  Robbins 
[2]  which  is  able  to  describe  the  experimentally  obser\’ed  behaviour  of  cyclohexan  films 
on  rough  (but  mesoscopically  flat)  Si  substrates  [3]  predicts  a  rather  rapid  decay  of  the 
amplitude  of  the  periodic  structure  of  the  top’no.st  surface.  Already  for  film  thicknes.ses 
of  more  than  2()0A  and  above  a  nearly  flat  surface  is  expected.  In  contrast  to  the 
theoretical  predictions  of  the  experiment  the  "roughness"  is  visible  even  for  polymer 
film  thicknesses  of  7(K)A.  This  observation  was  additit>nally  confirmed  by  AFM 
measurements. 

Semiconductor  films  (here  Ge/Si-multilayer)  on  top  of  these  gratings  show  a  quite 
different  behaviour.  Here  the  x-ray  mea.suremcnt.s  yield  that  the  films  (It)  films  Ge/Si, 
each  film  .‘ioA  thick)  are  totally  conformal  with  the  surface  grating  which  means  that 
they  follow  the  underlying  lateral  structure  without  decaying  of  the  grating  height.  The 
conformity  is  not  only  observed  for  the  mesoscopic  structures  (shape  of  the  films)  but 
also  for  the  microscopic  roughnesses  (interface  roughnesses). 
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Ammonium  sulphate,  (NH4)2S04,  transforms  at  -49°C  from  the  orthrrrhombie  paraelectrie  nxrm- 
temperature  phase  (space  group  Pnam)  into  the  orthorhombic  ferrixileetric  phase  (Pna2|). 
Besides  other  interesting  fetitures  the  triuisition  is  acarmpanied  by  a  considerable  change  of  the 
lattice  parameters  with  a  dilatation  by  1.07  %  along  the  a-axis  and  attractions  of  0.23  %  and 
0.31  %  along  the  b-  and  c-iixes,  resjxxdively  (Hoshino  el  al.,  195S).'niis  leads  to  a  hypcrbtrlic 
representation  surface  of  the  transition  strain  teasor  with  directions  of  zero  dilatation  on  the 
asymptote  uine  of  the  hyperboloid.  The  pha.se  boundary  will  adopt  such  directions  of  zero 
dilatation  (low-energy  boundaries)  and  develop  a  zigzag  sha|x;  with  segments  parallel  to  the  two 
symmetriailly  ctiuivalent  minimum-strain  orientations  (Hussinger  &  Unruh.  1977). 

'Ilie  phase  transition  of  ammonium  sulphate  and  the  six'cial  features  of  its  phase  boundary  have 
been  studied  by  LAi  '  'oj-xigraphy  and  by  white  synchroton  radiation  lojxigraphy  (Bhal  et  al.) 
Here  we  retx'  i  .  .al  synchroton  radiation  study  (SRS  Daresbury)  applying  a  real-time 

X-ray  ima;  ing  fhis  allows  the  a)ntinuous  lo|Tographic  display  of  the  pha.se  transition 

on  a  TV  '-vrni'or  cord  on  a  vidw  la|. '.  llte  high-resolution  imaging  system  and  the  low- 

temperate  ■'  jinv,  .  Tiber  are  describal.  A  sa|uence  of  pictures  taken  from  'FV  reairds 
shows  the  to.  -iw'ing  t  ...ures  ol  the  transition: 

-  'ITie  movement  of  the  pha.se  boundary  through  the  crystal  and  the  development  of  iLs  zigzag 
shape. 

-  The  formation  of  cracks  al  the  acute  apices  of  the  zig/.;ig  phase  boundary. 

-  Boundary  segments  of  minimum-.strain  orientation  do  not  induce  damages  on  moving  through 
the  crystal,  wheretts  segments  of  other  orientations  imply  high  strain  and  letive  behind  a  trace 
of  defects. 

The  support  of  thts  study  by  the  SERC  is  gratefully  acknowledged. 

References: 

S.  Hoshino,  K.  Vedam,  Y.  Okaya  &  R.  Pepin.ski,  Phys.  Rev.  1 12  (195K)  405. 

H.  Hiussingcr  &  G.H.  Unruh,  Phys.  Slat.  Stilidi  A44  (1977)  525. 

H.L  Bhat,  H.  Klapi  r  &  K.J.  Roberts,  submitted  to  J.  Appl.  Cryst. 


49 


SIEMENS 


D5000  HR 

High  Resolution  X-Ray 
Diffractometer  System 


tZ  I  w  high  resolution  diffraction  equipment 
30  years  of  Experience  with  X-ray  Diffraction 


Unsere  Spezialoebiete: 

Kundenipeziflsche  Sonderkonstruktlonen  von 
hochprizisen  Rdntgengoniomdtern 

sowie; 

MaoafifammetQwn 

Transportable  Diffraktometer 
mit  ortsempfindlichem  Detektor 

Rontoen-Rdhren 


GRAZING  INCIDENCE  GONIOMETER  In 
SpszlalausfOhrung  nach  alner  Konzeptlon  der 
AG  “ROntganbeugung"  Berlin  dar  MPG 


Mtore>C«n«ett 

Oonipmewaiinjt 


I  IWHIIWI 

r 


Tigr 


Rdntgen-Justiermaschinen 
fOr  die  Halbleiterinduatrie 


Topoaraphleaoniometer  fUr 


Monochromator 


Detector 


Quartz  Bar 

Adjustment 

Screws 


-  Lang-Topographie 

-  Doppelkrlstall-Topographie 

-  Spezialgerdte  zur  Topographle 
von  Keimplatten  und  Barren  fur 
die  Quarzlndustrle 


Adjustment  X-ray  Machine  for  Raw  Bars 


Vertretuno  der  Fa.  RIGAKU  fQr  die  Neuen  BundesISnder  und  Berlin. 

-Drehanodengeneratoren  mit  Direktantrieb 

-  Pulverdiffraktometer 

-  Sonderzubehdr 


EFG  DCippelstral^e  1 3 
14163  Berlin  Germany 


Tel.:  +49  (30)  802  70  77 

Fax.:  +49  (30)  802  23  55 


EFG 


TABLE  OF  CONTENTS  -  POSTER  CONTRIBUTIONS 


A.V.Andreev,  Yu.V. Ponomarev 

DiH'iisc  scattering  of  X-ray  multilayer  stinctures . 61 

A.A.Andriyanchik,  V.G.Baryshevsky,  A.N.Kaminsky 

Investigation  of  polarization  eharacteristies  of  rcllccted  waves  under  grazing 
geometry  X-ray  diffraction . 62 

T.Argunova,  R.N.Kyutt,  M.P.Scheglov,  N.N.Kalecv 

Determination  of  YBaCiiO  thin  layers  structural  parameters  by  using  high  resolution 
X-ray  diffractometry . 63 

(i.Attolini,  C.Bocchi,  P.Franzosi,  C.Petosi 

X-ray  diffraction  study  of  the  lattice  strain  relaxation  in  MOVPi;  CiaAs/Cle 
hetcrosiruciures . 64 

.I.Huk‘Mi.siuk,  M.lA‘.s/c/yn,ski,  J.l)oma(;ala,  W.Pa.szkowic/. 

Influence  of  Tc  doping  on  lattice  properties  of  AlClaAs  epitaxial  layers . 63 

T.A.Burherka,  ll.Knglisch,  U.PIetsch,  IJ.Hdhne,  T.H.Met/ger 

Investigation  of  the  d-dimensional  structure  of  Pb-stcarate  multilayers  by  GID  and 
X-ray  and  neutron  specular  lefleclivity . 66 

K.Barrvtt,  .f.Baruchel,  D.Bellet,  A. Freund,  .Miartwljj,  F^Prieur,  F.Zontone, 
P.Zaumseil 

riiin  silicon  crystals  as  possible  monochromators  for  the  liSRI'  topography 

Ix'amline . 67 

K.Uarrett,  J.Baruehel,  M.FoKvIer,  Y. Miyamoto,  M.Schlenker,  F.Zontone 

r'errimagnetie  domains  and  the  Verwey  transition  in  magnetite . 6H 

Yu. A.  Basov 

X-ray  phase  I'resnel  zone  plates  at  grazing  incidence . 6‘J 

I.K.  Bdikin,  l.M.  Shmyt'ko 

The  use  of  the  X-ray  topography  in  the  investigation  of  twinning  in  l.aCiaOi  single 
crystals . 70 

I.K.  Bdikin,  l.M.  Shmyt'ko,  V.Sh.  Shekhtmun 

The  dynamical  diffraction  effects  in  the  X-ray  topography  of  the  high  temperature 
superconductors . 7  1 

K.A.Beliaevskaya,  V,^.lnKul 

The  innuence  of  coherence  lenght  of  pseudo  plane  X-ray  beam  to  the  contrast  of 
defect  images . 72 

D.Bellet,  D.Buturd,  (i.Uolino 

High  resolution  X-ray  diffraction  study  of  porous  silicon . 73 


51 


V.A.BcIyakov,  I.V.Zhadenov 

Mossbaucr  I'illralion  orsynchrolron  radiation  at  isotope  interface  at  grazing 
incidence . 74 

H.Berger,  J.Docrschel,  J.Dolle,  P.Reiche 

Crystalline  perfection  of  the  perovskite  (Nd.  Sr)  (Ta,  Al)  O,  studied  hy  optical  and 
X-ray  diffraction  methods . 15 

H.Berger,  L.Wilde 

Gamma-gamma  mismatch  study  in  single-crystalline  Ni-basc  supcralloys  by 
reciprocal-lattice  mapping . If) 

A.P.Bezirganyan,  S.K.Bezirganyan,  P.H.Bezirganyan 

The  extinction  length  of  the  X-rays  diffracted  hy  the  one-dimensional  modulated 
structures  . 77 

S.K.Bezirganyan,A.P.Bezirganyan 

X-ray  specular  standing  wave . 78 

K.  Biekmann,  ,1.  Hauek 

Strain  in  thick  expitaxial  layers . 7‘) 

Z.Boehnicek 

High  temperature  triple  crystal  X-ray  goniometer . 80 

.T.C.Boulliard,  B.Capolle,  S.dualandris,  A.Lilehitz,  S.Tatarenko 

X-ray  standing  wave  study  of  CdTe/MtiTe/CdTe  ( 100)  heieminterface . 81 

V. A.  Bushuev 

The  itifluence  of  X-ray  diffuse  scattering  on  the  secondary  processes  yield . 82 

W. Z.Chang,  (J.Hdl/.er.O.VVehrhan,  .I.Heinisch,  K.Fbrsler 

Quantitative  characterization  of  crystals  for  X-ray  spectroscopy . 84 

V.Chikaura,  Y.Su/.uki 

4  liimensional  ilistribution  ol  the  crystal  orientation  in  an  iron  4' i  silicon  alloy  single 
crystal  sheet  observed  hy  X-ray  orientation  topography . 84 

K.Chirilu,  Z.  Csiki 

'I'he  contrast  of  growth  layers  in  Ge  Si  crystals  by  X-ray  topography . 85 

A.A.Darhuher,  K.Koppensteiiier,  (TBuuer,  P.D.VVaiig,  Y.P.Sotig, 

C.M.Sotomayor  Torres 

X-ray  reciprocal  space  mapping  of  GaAs/AlAs  i|uantum  wires  and  ciuantum  dots . 8b 

M.Diot,  K.Barrett,  J.Baruehel,  J.P.Moy 

Detection  project  for  the  "topography  and  high  resolution  diffraction"  beamlino  of 
the  ESRF . ' . ‘ . H7 


M.UirksmhIler,  I.llschmann,  E.Fiirster 

Quasi  monochromatic  imagining  of  laser-produced  plasmas 


88 


A.Dommann,  H.R.Deller,  H.von  Kiinel,  U.KruRtT,  R.K.Pixley,  J. Ramin 

Cluiractcrizulion  of  honiocpitaxial  growth  of  silicon  after  DC-hydrogen  cleaning 


with  X-ray  rocking  curves . 89 

L. Dressler,  KAioetz,  J.KrauRlich 

X-ray  examination  of  SiC  monocryslals . 90 

M. Dudley,  S.Wang,  W.Huang,P.G.Neudeck,  .I.A.Powell,  C.Fazi 

White  bcatn  synchrotron  topographic  analysis  of  mullipolytypc  SiC  device 

con  ligurat  ions . 91 

M.Dudley,  I.Baker,  Fuping  I.iu 

White  beam  synchrotron  topographic  studies  of  defect/grain  boundary  interaction  in 
large-grain,  polycrystalline  ice . 92 


M.Dudley,  S.Wang,  VV. Huang 

White  beam  synchrotron  topographic  studies  of  defects  in  hfl-SiC  single  crystals . 93 

F.Kichhorii,  A.Henipel,  P.Reichel 

A  neutron  double-crystal  diffractonicicr  with  a  variable  angiiltu  resolution . 99 

Ch.Kisenschmidt,  H.R.Hiiche,  H.Hofer,  W.l.ellenberger 

Mcasurenicnts  of  the  state  of  polarization  in  the  forward  diffracted  betnn . 95 

Y.Kpelhoin 

Hlcclronic  means  ofcomtminieation . 9h 


N.Faleev 

MRXRI)  investigation  of  the  maiti  features  of  the  processes  of  the  epitaxial  growth 
and  defects  generation  in  hetcrosiructures . 97 

F.Fandrich,  R.Kiihler,  H.DanuTuw,  F.,|eniclK<n 

A  new  intensified  C('l)-camcra  for  X-ray  apjilications . 98 


(i.G.Fischer.l’.  /.aumseil 

In  situ  X-ray  investigation  ol  the  high  temperature  bchavioui  of  strained 

Si, I  ,,(ic,,,/Si  and  Si,i  /Si  heterosiructurcs . . 99 

L.Franci'su),  P.Frun/.osi,  M.R.Bruni,  M.(i.Sinieoni‘ 

Investigation  of  the  crystal  quality  of  InAs/CiaAs  hcterostnicturcs  by  high  resolution 
X-ray  diffraction .  lOt) 


L. FratKTslo,  P.Franzosi,  (JJ-andgren 

High  resolution  X-ray  diffraction  study  of  MOVPbl  InliaA.s/lnP  supcriatticcs .  U)l 

M. Fritsch,  'r.Millulla,  (i.Hiil/er,  O.Renner,  K.Fdrstcr 

High  resolution  X-ray  spectroscopy  using  a  Johann  spectrometer  in  vertical 


getimetry . 102 

K.T.Gabrielyan,  M.K.Bulian 

Using  of  topograms  in  lensless  X-ray  optics . 103 

K.Ciartstein,  Yu  Khait,  V. Richter 


XRD  characterization  of  implantation  damage  in  InSb  reduced  by  magnetic  field . 104 


53 


C.(iiannini,  C.derurdi,  L.Tapfer,  'r.Peluso,  N.LovergiiK;,  L.Vusanelli 

Rosiilual  utui  therinal  strain  investigation  ofZnS  epitaxial  layers  grown  on 
( I ()())■  GaAs  by  vapour  phase  epitaxy . 105 

C.dilt's,  C.Vettior,  I'.dc  Beriievin,  C.MulKranpe,  d.driibcl,  J.doulon 

DiamonJ  phase  plates  lor  X-ray  polarinietry  at  the  HSFR . lOb 

R.dillcs,  (J.WIII,  F.KIf 

Gharaeieri/.ation  of  inonoluycrs  and  multilayers  by  conventional  powder 
dilTractonieter  with  specular  rellectivity . 107 


M.S.(>oorsky,  M.Meslikinpour,  D.Strvit,  T.BIoek 

DilTuse  X-rtiy  scatiermg  I'rom  misfit  dislocations  at  semiconductor  hetcroiriierraces . lOH 


S.durbiin 

The  deleclion  of  preciiutatles  by  X-ray  topography . lOd 

L. Harl,  IM'.KewstiT,  M.J.Ashwin,  M.R.Faliy,  R.C.Newman 

iVleasLireiueni  of  inteii'ace  roughness  in  a  supeiiattice  of  delta-barriers  of  Al  in 

(iaAs  using  high  resolution  X-ray  dilTractomctry . I  10 

H  Jk'inke,  S.KInreldt,  H.Kiihn*Heiiiricli,  M.d.Mollcr,  (i.laindwelir 

The  relaxation  line  in  reciprocal  spacc-the  use  of  a  model . 1  I  I 

M. IMIentsclivI,  D.Kkenhorst,  K.VV.Marliieh,  A.Iainge 

New  X-ray  refractugraphy  for  nondestructive  investigation  of  advanced  materials . 1 12 

N. ilvrres,  A.Domniann,  M.Kriegcr,  H.Siegg,  K.Huclu'in,  K.Kbliler 

Precision  determination  of  lattice  constants  and  poisson  ratios  in  the 

system  AlAs-CJaAs . I  I  3 

A.,f.llolliind,  H.K.Taiiiu'r 

Sinuilaiion  of  X  -ray  scciion  topograph  images  of  oxygen  |rrecipiiaies  in  silicon . I  l  -l 

/i.W.Hii,  I’.A.  riuimas,  A.M.dlazer 

High  resolution  \  ray  topography  study  of  pcrioilically  ilomain  invcried  nonlinear 
optical  crystals . 1  1 5 


A.Iherl,  M.Scliu.stcr,  ll.ddhcl,  ITHuiir,  R.Mat/.,  A.SniKirev,  l.Sitigireva,  A. Freund, 


It.Kengek'r,  ll.lieinveke 

Microfoctis  double  crystal  dilfractomctry  on  lll/V  helcrosiructures  grown  by 
selective  area  epitaxy . 1  lb 

V^N.In^al,  K.A.Ik'liavvskuyu 

Observation  of  the  phase  contrast  from  non-crystalline  objects  in  the  plane  wave 
X-ray  topography  scheme . 1  17 

K.M.Iolin,  K.Raitniun 

The  diffracted  beam  Pendellfisung  induced  by  ultrasound  at  the  deformed 

Si  single  crystal . . 1  18 


K.M.Iulin,  K.Kaitinan,  VXiavrilov,  H.Kuvaldin,  L.Kusevich,  Ju.Aiexandrov, 
K.Cialinskii,  V.Ermakov,  A.I^askarev,  M.Vrana,  P.Mikula,  L.Sedlakova 

Tlie  innucncc  ol'lhc  high  t'i'cc|uency  ultrasound  on  the  parameters  of  double-crystal 


spectrometers . 119 

B.Jenichen,  H.Rhan,  S.Stepanov,  M.OhIcr,  R.KdhIer 

Evaluation  of  interface  roughness  hy  grazing  incidence  X-ray  diffraction . 120 


BJenichen,  T.Wroblewski,  R.KdhIer 

Curvabic  collimator  topography  using  the  synchrotron  source 


M..Ierj»el,  E.MaJkova,  S.Luby,  R.Senderak 

A  MRD  interface  study  in  the  WSi/Si  and  obliiiuely  deposited  W/Si  multilayers . 122 

V.M.Kaganer,  B.O.Ostrovskii,  W.H.dc  .leu,  I.R.Peterson 

The  diffraction  line  profiles  of  inesophases.  smeltic  and  hexatic  ordering . 1 2.^ 

A.Yu.Kazimirov,  M.V. Kovalchuk,  V.(J.Kohn,  S.Kikuta,  T.IshIkawa 

Diffractometric  studies  of  anomalous  transmission  of  X-rays  in  six-beam  l.aue 
diffractometry . 1 24 

A.M.Keir,  S.,|. Barnett,  L).,|. Robbins,  A..|.Pidduck,  A.ti.Cullis 

High  resoltition  X-ray  diffrticlion  analysis  of  elastic  lattice  distortions  tissoeiiited 

with  surface  rippling  in  Side  opilayers . 125 

V.I.Khrupa,  l).().(irigor'ev,  E.I.Datsenko,  V.E.Macbulin 

Defect  structuie  investigation  of  slightly  imperfect  Si  crystals  by  tneans 

of  X-ray  acoustic  ttieiluKl . 12b 

P.Kidd,  P.K.Kewster,  N.E.Andrew,  A  Sacedon,  E.Calle,ja 

The  distribution  of  stratti  aitd  tilt  in  graded  buffer  layers . 1 27 

E.A.Kondrashkiiia,  l).V. Novikov,  S.A.Stepaiiov 

Double-|ilane  collimtition  of  X-rays  for  high-resolution  e\|vriments . 1 25 

I'.Kiinig,  ll.Kleniradt 

Deposition  controlled  sui  face  loughtiess  of  thin  goUl  films  stialieil  by 

X-ray  rellectiviiy . 1 29 

M.Kopecky,  E.Krousky,  O. Kenner,  E.Fdrster,  .I.Heinisch 

Atialysis  of  surfaces  and  layered  structures  by  X-ray  scattering .  1  50 

D.Korytar 

X-ray  multiple  successive  diffraction  and  beam  tracing . 1 5 1 

.I.KriiuBlich,  A.Fi.ssel,  K.Cioet/,  L.I)re.s.sler 

Thin  SiC'  films  on  ( 1 1 1 )  Si  wafers . 1 32 

V.V.Kvardakov,  V.A.Somenkov,  W.Paulus,  A.Cousson,  (i.Heger,  S.Pinol 

Study  of  defects  and  ultrasound  waves  in  nearly  perfect  HTSC  crystals  of 

Nd,:  ,,Cei,,Cu(3Mn  hy  neutron  and  X-ray  topography . 133 

R.N.Kyutt,  S.S.RuvImov,  M.P.  Scheglov,  N.N.Faleev 

Determination  of  strained  superlaltice  structural  parameters . 134 


,S5 


M.La^ada.s,  Z.Hat/.opoulos,  Ch.Lioutas,  M.Calamiotou 

Flux  and  temperature  dependence  of  lattice  expansion  in  LT  GaAs  tliin  films 


133 


M.La|>adas,  K.Tsagaraki,  Z.Hatzopoulns,  M.Caiatniotnu 

High  resolution  XRD  study  of  AU,Gaii  ^As  layers  grown  at  reduced  temperature . 136 

S.Lagomarsino,  P.Ca<itrucci,  A.Kazimirov,  F.Scarinci 

High-resolution  diffraction  and  X-ray  standing  wave  study  of  vSi/Ge  supcrlattices . 1 37 

A.R.Lang,  G.Pang 

Absolute  ntc  isurement  of  the  lattice  parameter  of  pet  feet  diamonds  by  the 
divergent-beam  (  pseudo  Kossel)  X-ray  method . 138 

M.lA’feld-Sosnowska,  J.Gronkowski,  (i. Kowalski 

Study  of  defects  generated  in  C/  Si  during  two-step  annealing . 1 3d 

M.Leszczynski,  P.Perlin,  'I’.Suski,  H.Teisseyrc,  l.(Jr/.egory,S.P()rowski.  ,I.Jun 

Thermal  expansion  and  compressibility  of  gallium  nitride . . 140 

M. A.Loayola  de  Oliveira,  A.(ieorge,  (i.Micliot 

Dislocation  emission  under  mixed  mode  loading  in  silicon . 14  1 

A.A. Lomov,  D.llellet,  (Ll)olino,  M.Ligeon 

X-ray  diffraction  studies  of  the  porous  silicon  thin  layers . 142 

A.A.  Lomov,  V.A.  lUisltuev 

X-ray  high  ivsoliition  diffractoiucti  y  investigation  of  sulphur  implantcrl  .ind  pulse 
laser  annealed  InSbi  III)  substrates . 143 

N. Loxley,  H.K.'ranner,  D.K. Bowen 

Application  of  multiple  groove  channel-cut  crystals  in  high-resolution 

X-ray  diffraction . 144 

P.Lukas,  B.AIeleld,  A. Ioffe,  P.IVlikula.  M.Vrana 

Topography  in  coherent  beams  of  a  neutron  interferomclei .  M3 

VV. Mahler,  'Th.CJeue,  L.Pietseh 

Time  resolved  investigations  of  thin  organic  films  by  means  of  energy  dispersive 

X-ray  rcllectomctry . 146 

A.A.Manushkin,  N.L. Mitrofanov.  K.M.Podurets,  V.A.Sonienkov,  S.S.Shilstein 

X-ray  refraction  introscopy  of  the  bioUrgical  objects . 147 

A. V. Maslov,  O.CLMelikyan 

X-ray  dynatnical  diffraction  in  perfect  supcrlattices  in  conventional  Bragg  and 
gra/.ing-incidence  geometries . 148 

V.M. Matveev,  V. Manuilov,  V.V.  Matveev 

Dynamical  effects  in  magnetic  X-ray  diffraction  on  spiral  magnetic  structures; 

can  they  be  observed  . 149 


A.Mu/ucIun,  1VI.1I>»,  HJenichcn,  M.I  vlonso,  K.PIod}; 

XRD  chariiclcri/.atii)n  til  IIl-V  sciiiictiiuluctur  liolerttsIriiL'Iiiivs  iiiowii  on 
(nil)  CiuA.s  siibstralcs . 


150 


A.Muzuelas,  A.Trampert,  A.Fischer,  K.H.PIoiiK 

X  ray  sliidy  of  heavily  carbon  doped  (ia,,)ln,i  ,,A.s  (x  ea.O.W) . 1 5 1 

S.Milita,  M.ServIdori 

X-ray  rocking  curve  analysis  of  crystals  with  buried  ainoi  phous  layers.  (  ase  tif 

ion  implanted  silicon . 152 

P.Mik’k,  H. Berger 

Determination  of  lattice  distortions  in  epitaxial  layer  syslems . 1 5.' 

V.H.Molodkin,  S.I.Olikhovskii,  K.N.Kislovskii,  A.I.Nl/.kova 

New  iHissibilitics  of  the  rise  of  inlbrmativity.  sensitivity  ami  rapitiiiy  in  the 

high- resolulion  ttipography  and  diffractometry .  1  S-t 

V.H.Molodkin,  S.I.Olikhov.skii,  A.N.Kostyuk 

Dynamical  theory  of  X-ray  diffraction  by  elastically  ileformcil  single  crystals 
ctinlaining  dcfccls .  1  ss 

M. Moore,  (I. Kowalski 

Synchrotron  topographic  studies  of  single-crystal  synthetic  tlianiomls .  I  so 

K.Kh.Mukhamed/liunov,  A. V. Maslov,  K.M. Imamov,  Vii.V.Vakoveliiek, 

C.Hocehi,  P.Franzti.si 

High  resohilion  X-ray  tliffraction  and  X  ray  standing  wave  invcsiigalions  oi  Inl’ 
crystals  implanted  with  b'e-t- . . 157 

P.Miiller-Hu.sehhaum,  <).H.Seeek,  M.'i'olmi,  \V. Press,  D.Bahr 

X-ray  scalleiing  from  thin  lit|uid  wetting  films .  .  I5s 

(i.Neiinitli,  [I.KIupper,  .S.liau.ssiihl 

X-ray  lopogiaiihic  study  of  potassium  nitrate  single  crystals .  ISO 

A. Nikulin,  ()..Saka(a,  A..Stevensui),  S.VVilkiii.s,  H.liashi/.iime 

High  resolution  mapping  of  two  dimensional  lattice  distortions  imm  triple  ci\si.ils 
X-ray  ilil'fraclometry  dal.i .  lot) 

M.Ohler,  .I.Hariiehel,  Ph.dale/. 

X-ray  topography  study  of  highly  oriented  pyrolytic  graphite . lol 

U.  Opit/.,  M.  Scliinidliaiier,  II.  Dainerow,  K.  Kiihler 

Reciprocal  space  mapping  utilising  a  linear  position  sensitive  detector .  Ui2 

K.M. Pavlov  V.I.Punegov,  N.N.Faleev 

X-ray  diffraction  diagnostics  of  laser  heterostructiiivs . IP,^ 

M.Pilurd,  Y.Kpellioin 

Numerical  image  treatment  of  synchrotron  while  beam  topographs . 1P4 


V.I.Pune}>ov 

Dynamical  X-ray  (.lilTraciion  iVom  nuillilaycr  syslcms  wiih  ilcpih-ilcpeiulcnt 
ilistribiitcd  microdcrccts . Kj.'S 

A.V.Pushkarcv 

The  space  aticl  angiilai  distribulion  of  X-ray  intcnsily  in  Lauc  diffraction  in  real 
crystals . 1 PP 

H.Kuidt,  W.VtdhIinK 

IX'fcci  structure  ol' cast  silicon  with  homoc|)itaxial  l.PTi  layers . 1()7 

M.D.Kurunskyd.M.Fodchuk,  S.M.Novikov,  (>J.Ki>/.oviank(> 

X-ray  diffraction  distinctions  in  the  acoustically  excited  crystal  witli  inicrodefeets . 1  PS 

P.Ku.jiniink(iva,  J.ltariichel,  .I.KuIdu,  KA'alcinc/iik,  H.Salce 

X-ray  topographic  investigation  of  a-l,ilOi  under  IX'  or  AC  eleeirie  lield . I  ta) 

/.IhKek,  S.K.Stoek,  Mdioorsky 

Si-TaSi  j  composite  studies  by  synchrotron  railiation  uhiie  beam  topogiapln  and 
multiple-axis  diffractometry . I 


C. Rcvol,  J.HariieheK  D.Hellef,  (i.VIarot,  P.Theveneau,  F./onlone 

A  \'ibiating  tnonochromator  for  the  liSRI' topograplu  Ivamime . 

D. Kn.se,  I'.Pielseh,  K.lMirsler,  ’I’.A.Met/ger 

Investigation  of  the  relaxation  ix'haviour  in  strained  superlatiiees  nsni:’  eia/m; 
incidence  dil'frtiction  ol  synchrotron  radiation . 

H.Sander,  K.Zolotoyahko,  V.Kdinent 

Dynamics  of  rocking  curves  in  si  rained  lOdI )  Si  crysiaK  muiergomc  iiltia.s,  mu 
excitation . 

M.Schmidhuiu'r,  R.  Opitz,  R.  Kdliler 

A  novel  expcriinenl.il  setup  for  gra/ing  incidence  and  cxtremcK  .ins  miiK  n  u  al  \  las 
diffr.iciion . 


r..Sehmi(l(,  R.ltouchard,  D.RuU,  .I.R.Schnvider.W.  /tilehei 

Three  cryst.il  difiraction  studies  on  oxygen  induced  delects  in  .ninc.ilcd  (  /  if  mi 
crystals,, .  1 /s 

M..Schuster,  ,\.lA-s,siiiaiin.  .A.Muitkhol.  S.Rreiiiiuii.  (i.Muterlik,  ll.Kiechert 

High  resolution  X  ray  diffraction  and  standing  waves  analyses  on  AIAs/Cia/\s 
shorl-peiiod  superlatiiees .  i  .d. 


I.L.Smolsky,  n.P./ait.si'va,  .S.V.BaKutyreva 

( iiowth  and  real  stnicture  of  urea  crystals . 


/.Sourek,  .I.Kub 

, X-ray  toiiogr.iphy  of  facets  in  (laSb  single  crystals . 17S 

K.Stuheiiow,  A.Hau.se,  N.Fuleev,  I.KacItnev,  A.Dimitriev 

X-ray  diffraction  investigation  of  the  pecularitics  of  the  elastic  strain  relaxation  in 
lattice  mismatched  heterosiruclures  grown  by  MOCVD . 179 


T.VV.Stali'v,  .I.K.Wade,  G.K.Crook,  S.i.. Daniel,  K..|.IVIutyi 

l  livli  iL'soUitioii  X  ray  dil'i'raction  charactcri/.alion  of  Ge/Si/GaAs  hclcrosiructLiics . 180 

A.A.Stepanov 

A  iliivct  obtaininj:  ot  strain  profile  from  X-ray  rocking  curves . 1 8 1 

S. A.Stepanov,  R. Kohler 

Aceoiinimg  for  intenacial  roughness  effects  in  gra/ing-incidcnce  X-ray  diffraction 
by  multilayers . 1 82 

S.A.Stepanov,  R.KdhIer 

Accouniing  for  normal  hittice  strain  effect  in  the  theory  of  X-ray  diffraction  under 
loial  cMcrnal  rellcction  conditions . 183 

S.A.Stepanov,  A.lJIyanenkov 

An  .iilvaiK  cd  method  for  compulation  of  X-ray  multiple  Bragg  diffraction . 184 

.I..Slcttner,  L.Schwalowsky,  W. Press,  C'.Schwarz,  H.v  Kiinel 

\-ia\  diffuse  scattering  from  epitaxial  Co,Si:/Si/C’oSi:  layers  on  Si  1 1  1 1 ) . 18.3 


S.U.Stock,  Z.U.Rek,  A.fiuvcnilir,  D.P.Piotrow.ski 

High  resolution  synchrotron  X-ray  diffraction  tomography  of  polycrysiallinc  samples,.  18b 


U.St(»emmer,  .I.Grenzer,  j. Fischer,  U.PieLsch 

X  ra\  diffuse  scattering  in  laingmuir-Blodgctt-multilaycrs  prepared  from  fatty 

,u  id  salts . 1 87 

\  .Suzuki,  Y  Chikaura,  H.Kii 

Dcpil'  sensitive  X-ray  scallcring  topographic  obscrvtiiion  of  MBli  gnrwn  InAs  on 
tia,-\s .  188 

s..|.reat,  P.A.Thonias,  (i.M.Foiacono 

iligh-rcsolution  studies  of  doniains  in  crystals  of  the  K  TiOAsGi  family . 1 8h 

K.G.Trouiii,  I, .A.  liaroutunyan 

X-ray  inicrlcromctric  com|nilcri/.cd  tomography . IbO 

KXi.'I'rouni,  i..A.  Haroutunyan,  (>.!VI.Hovanis.syan 

X-ray  geometrical  optics  in  rectilinear  path  approximation . 191 

if.M.  rrukiianov 

Topography  meihod  of  quanlilalivo  stuiclure  investigations  of  superlalliccs  and 
(.lisUirled  crystals . 192 

F.M.  rriikhanov,  N.V.Nomerolsky,  R.M.Amir/.hamnov 

Synchrotron  diffraction  topography  analysis  of  AlAs/.AlGaAs  superlaiiicc . I9.f 

A.UIyunenkov,  S.A.Stepunov 

Accouniing  for  correlated  roughness  effects  in  X-ray  grazing  incidence  diffraction . 194 

P.van  der  Sluls,  C.VV.'i'.  Bulle-Lieuwmu 

Determination  of  the  lattice  relaxation  of  nanostructured  SiGe/Si  pillars  by 
high-resolution  X-ray  diffraction . . 19.3 


y) 


I.A.Vartanyiint.s,J.P.(;iii>jay 

Dynamical  llieory  applied  to  crystals  with  a  slalistically  dcrormed  layer . l‘>6 

l.A.Vartanyants,  M.V.Kovalchiik 

X-ray  standing  waves  and  high  precision  X-ray  dil'l'raction  in  real  ciystals.  Theory 

and  applications . Id7 

A. K. Voloshin,  I.I,.Smolsky 

The  determination  of  quasi-plastic  strains  in  a  crystal  plate  hy  tlie  solution  ol'the 
inverse  problem  of  the  elasticity  theory  (a  one-dimensional  case) . 198 

S. VVecren 

Applications  of  X-ray  topography  of  silicon  wafers  in  an  iiKlustrial  laboratory . 199 

W.VVier/ehowski,  K.Ma/.iir,  KAVieloskii 

flic  numerical  simulation  of  liragg-case  topographic  images  of  dislocations  and 
|iiccipitates  in  CiaAs  epitaxial  layers . 200 

K.VVioteska,  VV.Wier/chowski 

The  transmission  diffreclion  iratlerns  of  silicon  implantcil  wiib  higb  energy 

(/-(larticles . 20 1 

It.Willmatin,  R.Schdnl'eld,  I  .Widmer,  D.Schikora,  M.v.Orlcnherg 

C'haixicleri/ation  and  relaxation  of  II- Vl-epitaxial  semiconductor  layers  by 

high  rcsoluliun  X-ray  dilfraction . 202 

KAVulf,  S.Jilka,  W.Hikkl,  M.KastiuT.  H.Slan/.l,  VV.dehliardI 

HKXKD  investigations  on  MO^'PI'i  and  MHIi  grown  /.nSc/(iaAs  and 

/nSe,,,Te,i  ,,/(iaAs  layers . 203 

P.Zaumseil,  A. Freund 

|•■||■sl  experiences  with  high  resolution  difliaction  experimenis  on  beam  line  10  ,11 

the  FSRF . 204 

T. /eimer.  I  .I’ielseh.  A.(  .Oster.  ITIteisler,  F.lUigge.  MAVeyers 

Investigation  of  strained  InCiaAs/daAs  quantuin  wells  by  high  resolution  X-ra\ 
diffraction . 20b 

I.V.Zhadennv 

1  'niNcrsal  .inaKtical  Irealment  for  many  wave  X  rays  diffraetiun  in  crystal  plale . 20b 

F.Znntone,  .I.Hiirtwig.  J.Baruehel,  A. Freund 

Some  criteria  for  minimi/.ing  the  heat  load  |iroblein  in  white  betini  topography . 207 


W) 


D^system 


The  State  of  the  Art  High  Resolution 
X-ray  Characterisation  System 


Bede 


scientific 


Advanced  Monochromator  Design  The  Cleanest  Reciprocal  Space  Maps 


'i'p 


[iU^ 


hV- 


High  resolution  mode  with  8  bounces  gives 
>50  000  cps  at  4  4”  divergence,  AXIX  =  4.9  x  10  * 


-30  00 


t--'" 


■60.00  i 

High  intensity  mode  with  4  asymmetric  bounces  gives  't 
>400  000  cps  at  1 1.5”  divergence,  AXA  =  1  4  x  lO"^  x 


< 

o' 


Flexibility 

Precision 

Accuracy 

Speed 


•100  oo 


No  snalyMir  or  monochtomator  atreaka 


'Cn- 


i'^V. 


•160  00  Fringea  vifible  at  O  S  cpa  livsl 


•180.00  - 


0  00  2  00  4  00  6  00  8  00 

.\Q,(A  ’  X  10  '  ) 

High  Resolution  triple  axis  reciprocal  space  map  of  a 
KEMT  device,  showing  layers  of  good  quality  but 
tilted  with  respect  to  the  substrate. 


For  more  details  and  a  list  of  our  world-wide  representatives,  contact: 

Bede  Scientific  Instruments  Limited.  Lindsey  Park,  Bowburn,  Durham,  DH6  5PF,  U.K. 
tel.  +44  91  377  2476  fax:  +44  91  377  3013  email;  Bede.Scientific@Durham.AC.UK 


Manufacturing  of  Si  and  Gb 

♦  high  purity  single  crystals  with  low 
dislocation  density 

#  customer  designed  sia*.  shape  and 

surface 

♦  dimension  uplo  h  inch 

♦  tolerance  of  orientation  within  01^ 

CRYSTAL  GmbH 

4  damage  tree  polishing 

Ostendstr.  2-14 

D- 12459  Berlin 

application 

Tel:  (++4930)  63  83  29  63 

♦  x-ray  and  neutron  monochromators 

Fax:  (++4930)  6383  3696 

4  special  oriented  water  and  crystal  bodies 

I 


DIFFUSE  SCATTERING  OF  X-RAYS  IN  MULTIl.AYER  STRUCTURES 

A.V. Andreev,  Yu. V. Ponomarev 

Physics  Department,  M.V. Lomonosov  Moscow  University 
Moscow  119899  Russia 

Diffuse  scattering  of  x-rays  in  multilayer  structures  results  from  the  roughnesses 
of  interfaces,  impurities  near  boundaries  due  to  the  interdiffusion,  and  bulk  non- 
uniformities  due  to  the  microcrystalline  structure  of  the  different  layers.  We  report 
here  the  results  of  the  experimental  and  theoretical  studies  on  the  angular  spectra  of 
scattered  radiation. 

The  angular  spectrum  of  scattered  radiation  exhibits  the  interference  maxima, 
when  the  wave  vector  of  the  scattered  wave  obeys  the  condition  iT  =  k  o  +  H*n  ,  where 
ko  is  a  wave  vector  of  the  incident  wave,  and  H*n  =  2nn  /d  is  a  rcciproail  vector 
of  the  multilayer  structure.  The  intensity  In  of  the  n-th  maximum  is  proportional  to 

the  |;i'(s*/)  ^  [1],  where  =  k*l  -  k”ol  is  a  longitudinal  projection  of  the 
scattering  vector  on  the  interface  plane,  and  ;(( s*)  is  a  Fourier-  transform  of  the 
dielectric  permitivity  x^)-  Beyond  the  angles  of  the  Bragg  diffraction  for  the 
incident  wave  the  interference  maxima  due  to  the  interface  sctittering,  therefore  we 
ctui  determine  the  correlation  length  for  the  interface  roughnesses  by  measuring  the 
intensity  of  the  interference  maxima  as  a  function  of  the  incidence  angle. 

The  measurements  of  the  scattered  wave  intensity,  when  the  incident  wave 
passes  through  the  Bragg  maxima,  enable  us  to  determine  the  ratio  of  bulk  and 
interface  scattering  intensities.  This  is  due  to  the  appearance  of  the  x-ray  standing 
wave  which  results  in  the  appearance  of  the  interference  maxima  for  bulk  scattering. 

The  x-ray  standing  wave  enables  us  also  to  separate  the  scattering  due  to  the 
boundaries  between  the  A-B  layers  and  B-A  layers.  We  study  the  effect  of  the 
forbidden  reflection  release. 

We  use  the  Cu  Ka  x-ray  emission  line,  and  multilayer  mirrors  with  the  different 
pairs  of  materials  (W/Sb,  Fe/Sc,  Mo/Si,  M0/B4C).  The  periods  of  the  structures 
are  in  the  range  from  20  up  to  200  A.  The  mirrors  with  the  silicon  and  glass  substrates 
are  used  in  our  experiments. 

The  intensities  of  the  diffuse  maxima  (  n  =  1..4  )  are  measured  in  the  broad 
range  of  the  incidence  angles.  The  behavior  of  the  intencity  of  the  diffuse  maximum 
with  n  =  2  is  thoroughly  studied  when  the  angle  of  incidence  varies  in  the  region  of 
the  first  Bragg  ro  lection  m.^ximum.  The  dependences  of  the  angular  spectra  of 
scattering  on  the  ratio  of  the  layer  thicknesses  b! a  (where  r/  =  a  +  6 )  are  investigated. 

The  effect  of  the  release  of  the  forbidden  reflection  in  the  scattered  radiation  is 
demonstrated  for  the  mirrors  with  b/a  =  0.5.  The  experimental  and  theoretical  spectra 
are  compared. The  estimations  of  the  statistical  parameters  of  the  non-uniformities 
for  the  different  mirrors  are  given. 

1 .  A.V, Andreev,  A. G.Michette,  R.Renwick  J.Mod.Opt.,  35,  1667  (1988) 
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Investigation  of  Polarization  Characteristics  of  KenectecJ  Waves 
under  Grazing  Geometry  X-ray  Diffraction. 

A,/t.  Andriyuncliik,  V.G.liui-yshe^’sky  and  A.N.  Kaminsky 

Insutuie.  of  Nuclear  Problems  Belorussian  Stale  Universiiy 
11  Bobruiskaya  St.,  220050  Minsk  Republic  of  Belarus 

The  unique  possibilities  of  grazing  geometry  X-ray  diffraetion  for 
investigation  of  crystal  surface  structure  and  thin  films  stimulate  the  detail 
analysis  of  this  phenomenon  in  the  reeent  time  both  theoretically  and 
experimentally  [1-4],  Despite  the  great  interest  to  this  diffraction  scheme  the 
polarization  phenomena  have  not  yet  been  investigated. 

In  this  paper  the  transformation  of  the  X-ray  poiari/ation  under  grazing 
geometry  diffraction  in  the  two-wave  approximation  of  the  dynamical  diffraction 
theory  is  analyzed.  The  dependence  of  polarization  of  specularly  reflected  and 
diffracted  in  vacuum  waves  on  corresponding  parameters  of  incident  wave  with  an 
arbitrary  polarization  is  found,  As  critical  angles  of  renection  for  eigen  o-  and  rt- 
polarizations  do  not  coincide  the  scattering  of  the  wave  with  polarization  different 
from  the  eigen  one  leads  to  changing  of  polarization  state  of  the  secondary  waves. 
In  the  case  when  polarization  plane  of  the  incident  linearly  polarized  wave  is 
oriented  under  the  angle  of  to  the  crystal  surface  the  degree  of  circular 
polarization  of  the  rclleetcd  waves  can  reach  the  value  -  0.5. 

Polarization  characteristics  ol  renected  waves  strongly  depend  upt>n  the 
surface  structure  of  crystals.  The  inlluence  of  the  amorphous  layer  on  the  degree 
of  circular  polarization  of  specular  and  rctlccled  diffracted  waves  is  investigated.  It 
is  shown  that  at  a  certain  thickness  of  amorphous  layer  it  is  possible  to  translVirm 
incident  linearly  polarized  radiation  into  the  circular  one  with  the  degree  of 
ciicular  polarization  close  to  unity.  The  case  when  the  aniorplu)us  film  is 
anisotropic  (for  example,  magnetic)  is  also  considered.  The  effect  of  excitation  of 
the  waves  with  orthogonal  polarization  under  9()‘'-diff ruction  of  n-polarizcd  beam 
in  the  crystal  with  magnetic  amorphous  layer  is  analyzed,  (irazing  geometry 
conditions  lead  to  the  essential  increase  of  the  angle  of  Faraday  rotation  with 
respect  to  normal  incidence.  Analysis  shows  that  even  far  from  the  absori)tion 
lines  when  the  difference  between  the  refractive  indices  for  the  waves  with  right- 
hand  and  left-hand  polarization  is  small  (n+-n.  and  less)  the  effect  can  be 

used  for  investigation  of  magnetic  films  with  the  thickness  ID- 100  nm. 
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DKTERHl  NATION  OB'  YBaOuO  THIN  LAYER  LTHUCTURAL  PARAHETERS 

BY  USING  HIGH  RESOLUTION  X-RAY  DI FFRACTOMETRY . 

T . S . Argunova ,  R.N.Ryutt,  M . P . Scheg lov ,  N.N.Faleev 

lot'fif  F/tys  i  I  -  Tec/ni  ica  i  Institutt'  of  tho  Fiissi.in 
Acade/ijy  of  So  it^ncioa: .  Fo.l  i  toohn :  ohoskay'a  26. 

St  -Fetet'sbui-g  194021,  Russia. 

iri  ti'iii:;  t'Tiper  ,  an  X-ray  d  i f  f  r ae t oirie t r y  in  a  double 
ai'ai  triple  axis  settings  was  applied  to  hTS  YBa2Cu307-x 
layers  with  the  thicknesses  from  200  to  600  nm  grown  on 
MgO ,  SrTiOa  and  sapphire  substrates  by  a  magnetron  sput¬ 
tering.  Only  motii.'phase  and  C-orientciJ  films  were  stu¬ 
died.  Tiie  series  of  t'O  1  symme t r i ca  1  Rragg  reflections 
Was  measured  ■iUh;l  analysed  in  twv?  ti  i  rec t  j.i.ins;  in  tlie 
s  c  a  t  t  e  r i n  g  pi  a  n  e  . 

The  i  f  f  rac  t  ion  wf  tlie  layers  h.as  t'een  treated  like 
ttiSt  uf  the  mos.aic  ..■ryatals.  As  snr.h.  the  full  width  of 
half  maxima  v  FWKh  >  obtained  in  ttie  double  axis  arrange 
itient  .are  considered  to  be  i.'onsisted  of  the  contributions 
which  are  as  follows:  the  finite  size  of  coherent  scat¬ 
tering  regions  or  grains,  the  tilt  of  the  grains  and  the 
dilation  of  the  crystal  lattice  caused  t.iy  dislocations. 
By  utilizing  triple  axis  theta-  and  theta-2  theta  scans 
we  plotted  the  dependencies  of  FWHH  values  on  the  Bragg 
angle.  It  was  shown  that  the  theta-scan  curve  broade- 
flings  were  primarily  due  to  the  deviation  of  C  axis  from 
its  predominant  orientation.  The  strain  contribution  was 
found  to  be  substantially  smaller  than  the  tilt  one.  A 
detailed  analys.is  of  the  low  reflecting  orders  allowed 
us  to  evaluate  the  average  grain  size. 

When  dealing  with  YBaCuO  layers  by  using  an  X-ray 
d  i  f f r ac tome t ry .  one  should  be  aware  of  the  fact  that  it 
is  the  oxygen  iirmstoi  chi  ometry  whicii  idefines  the  lat- 
c'  p.araniet.er  as  well  as  the  sr^atteririg  f.aotor  of 
the  uiiit  cell.  We  disc-ussed  -a  possible  deterininat  i  on 
of  X  value  from  the  layer  C  parameter  measurements. 

From  the  integral  reflectivities  of  di'U  Bragg  ref 
lections  we  calculated  F^t  values,  where  F  is  the  unit 
cell  scattering  factor  and  t  is  the  layv-?!’  thickness. 
Then  F(X)  dependences  were  plotted  according  to  the  da¬ 
ta  presented  in  and  F  as  well  as  t.  values  were 

deterni  ified  . 

The  structural  parameters  of  the  layers  were  stu¬ 
died  in  association  with  those  of  the  substrates.  The 
defects  in  the  latter  ones,  namely,  the  dislocations, 
their  arrangements  and  damage  layers,  were  revealed  by 
using  an  X-ray  diffraction  topography. 

1.  J  .  L) .  Jorgensen  et.al.  Phys.Rev.B,  1990,  v.41,  N4, 

P . 1865 . 
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X-RAY  DIFFRACTION  STUDY  OF  THK  UATTICF  STRAIN 
RELAXATION  IN  MOVPE  GaAs/IIe  IIETEROSTRUCTURES 


(i.  Attolini,  C.  Bocchi,  P.  Fran/osi,  C.  Pelosi 

C  N  R.-M /\SP EC -Institute,  Via  Chiavari  IRIA,  43100  Parma.  Italy 

GuAs/Ge  hetcrostructures  can  be  conveniently  used  as  basic  materials  for  fabricating 
GaAlAs/GaAs/Ge  high  conversion  efficiency  solar  cells.  One  advantage  of  the  GaAs/Ge 
system  is  that  the  mismatches  in  both  the  lattice  parameter  Aa/a  and  the  themial  expansion 
coefficient  Aa/a  are  small  (Aa/a=-0.07%,  Aa/a=15%).  However,  for  solar  cell 
applications  the  GaAs  layer  is  usually  a  few  mm  thick,  thus  well  above  the  critical 
thickness  for  the  lattice  strain  relaxation;  the  critical  thickness  calculated  on  the  basis  of  the 
elastic  equilibrium  theory  is  indeed  0.2S  pm.  Therefore,  the  mechanism  of  the  strain 
relaxation  through  the  fonnation  of  extended  defects  and  the  correlation  between  defects 
and  growth  procedures  are  worthy  of  experimental  investigations. 

GaAs/Ge  heterostructures  have  been  grown  by  Metal-Organic  Vapour  I’hase  Epitaxy  with 
different  V/III  flow  ratio  (1.3  to  13,3);  the  layer  thickness  was  always  much  larger  than 
the  critical  threshold  for  the  elastic  strain  relaxation.  The  structural  properties  of  the 
specimens  have  been  investigated  by  both  X-ray  topogra|)hy  and  high  resolution  X-ray 
diffractometry.  In  the  first  case  a  conventional  Lang  camera  in  Bragg  reflection  conditions 
(Cu  Kai  radiation,  1 15  asymmetric  refiection)  was  used.  In  the  second  the  investigation 
was  done  by  a  Philips  diffractometer  equipped  with  a  two-crystal  four-reflection 
monochromator  (Ge,  220);  the  Cu  Kai  radiation  and  a  set  of  2  symmetric  004  and  4 
asymmetric  335  refiections  were  u.sed  for  measuring  the  lattice  parameter  lx)th  pamllel  and 
peri>endicukir  to  the  interface. 

It  htis  been  fotind  that  at  high  V/III  ratios  the  layers  are  affected  by  a  large  concentration  of 
slacking  faults,  whereas  misfit  dislwations  are  completely  absent;  the  fault  density 
dccrea.ses  by  decreasing  the  V/111  value.  A  small,  hut  significant  strain  relaxation  has  also 
been  observed,  thus  demonstrating  the  effectiveness  of  the  partial  dislix’utions  bordering 
the  faults  in  relaxing  the  strain.  At  lower  V/lII  ratios  the  dominant  defects  are  the  misfit 
diskx'ations  to  which  the  strain  relaxation  can  be  attributed. 
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IM  Ll  KN(  K  OK  Te  DOPINCJ  ON  LATUCK  FROI’KKUKS 
OK  AKJaAs  KIM  1  AXIAL  LAVKRS 

.I.Uiik-Misiuk*.  NLLoszczynski**,  .I.Domagalsi*  and  W.Pas/kowic/* 

*  Iiistiiuic  (>/  l’h\  \ic\.  I’lilisli  Anuk'nn-  <)/  Sciciuvs. 

AI.I.DiiiikoM  J2  4fi,  II2-6M  Folaini 

**  Ih^li  rrc.sMtiv  Ik’.witrch  ( 'enter  Ikiipre.ss,  I’olish  Aciukmy  of  Seieiiees, 
III  S()k(il(>\e',ka  3~,  01-142  H'’<w.vt/vr,  IktItiiiJ 


1  ellunutii  IS  one  of  the  most  important  n-dopants  in  Ill-V  semieonduetmg  compomuis 
In  this  wor  k  we  present  the  results  of  measurements  leading  to  a  full  undeistaiidmg  of 
an  influence  of  Te  atoms  on  the  lattice  state  of  AIGaAs  layers  The  examinations  were 
performed  with  a  high  resolution  ditTractometer  at  a  wide  temperature  range  (77- 
770  K)  The  following  problems  were  considered. 

a)  how  Te  doping  influences  the  real  structure  of  the  layers. 

b)  how  I'e  doping  influences  the  thennal  expansion  of  the  layers. 

e)  w  hat  kind  of  lattice  relaxation  occurs  when  DX  centers  are  tran.sfcrretl  into  then 
metastable  state 

In  order  to  solve  these  problems  we  have  examined  samples  with  difVerent  A1 
content  and  Te  concentration  (of  different  minima  of  the  conduction  band  and  of 
dilTerent  I)X  level  position)  Special  attention  w'as  paid  to  the  separation  of  the  effects 
caused  by  loni/ed  donors  and  by  free  electrons  The  X-ray  diilVaction  measurements 
(rocking  curves  and  lattice  constants)  were  supported  by  the  electrical  examinations 
(Hall  effect). 
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Invi'stii’ation  of  llu'  .Vdiineiisioiiiil  Stnicturc  of  Pb-Stcarati'  Miiltilayi'rs  by  (>II)  aiui 
X-ray  and  nriitruii  specular  iTflectivity 

'I  .A.  Barbcrka,  U.  Eiiglisch,  U.  Piolsch,  U.  Ilbhne*.  T.H.  Mclzj>cr‘ 

llmvcrsitiU  Potsdam,  Institiit  fiir  Pcsikiirpcrphysik:  *  Universirdi  Main:.,  hist.  f.  Phys. 
Clwmic;  ‘  Ihdversitdt  Miinchen.  Sekiion  P/iysik,  Lchrstuh!  Peisl 

Multilayers  of  I'atty  acid  salts  prepared  by  the  l.angimiir- Blodgett  (I.B)  technique  on 
solid  support  build  structures  that  are  well  ordered  in  growth  direction. 

The  X  ray  specular  rellectivity  mea.sures  the  electron  density  gradient  normal  to  the 
surface.  Using  this  technique  it  is  possible  to  determine  the  thickness  of  a  double  layer, 
the  total  thickness  of  the  film  and  the  roughness  of  the  CU,  Ph  ii>n  interface.  The 
interface  between  the  hydrocarbon  chains  is  invisible.  In  contrast  to  this  neutron 
scattering  is  sensitive  to  the  gradient  of  the  scattering  length.  I'lie  gradient  can  localized 
at  the  interface  between  the  carbon  chains,  when  .some  chains  are  deuterated.  Respective 
ex|vriments  we  demonstrated  performed  at  a  home  X-ray  rellectivity  equipment  and  at 
the  beamline  TdRI.'MA  II  at  the  reactor  in  (iee.sthacht,  (jermany. 

The  analysis  of  the  latent!  molecular  arrangement  within  Uangmuir-Blodgett-multilayers 
requires  the  detection  of  a  suftlcient  number  of  in  plane  Bragg  peaks.  They  can  be 
measured  using  the  grazing  incidence  X-ray  diffraction  technique  (CilD), 

We  have  investigated  Pb-slearate  multilayers  (1  <  N<  PI  nutnolayers)  prepared  on  Si- 
sup|xirt  by  means  of  angtdar  dispersive  Cill)  at  the  W1  wiggler  beamline  at  HASYLAB 
at  DldsY  in  Hamburg,  (iermany  (  -  1.44  A,  P  -  H.bl  keV,  Al  leV)  .  Choosing 

the  angle  of  incidence  smaller  than  the  critical  angle  of  total  external  rellection  u,  the 
inforinatitin  depth  is  reiluced  to  the  thickness  of  the  I.B  Him.  I  he  diffracted  intensity  of 
the  Bragg  peaks  was  measured  in  plane  (2n  scans)  and  along  the  surface  normal  (  rod- 
scans).  using  a  position  sensitive  detector.  .Sixteen  different  Bragg  peaks  were  found 
within  0  <  2o<  70  ,  independent  of  N  (  for  I).  which  corresponds  to  a  nonhexa- 
gonal  in-plane  arrangement  of  molecules.  The  rod-scans  were  measured  at  six  peak 
jxisiiions  and  between  them  (0  <«,  <  14  ).  We  found  that  the  in-plane  arrangement  of 
the  molecules  corresixmds  approximately  with  the  .ID  structure  of  hulk  material,  when 
N>2.  The  vertical  correlation  of  the  lateral  order  is  restricted  to  1-2  double  layer. 

This  work  was  supported  by  the  BMPT  No  O.S  .5IPAA1  H 


66 


THIN  SILIC  ON  (  RYSTAl.S  AS  POSSIBI.K  MONOC  HROMA  l  ORS  I  OR  1  UK 
KSRK  lOPOCRAPHV  BKAMLINK 

R.  Barrett,  J.  Baruchel,  D.  Belief,  A.  Freund,  .1.  Hiirtwig,  K.  Pricur,  F.  /.ontone 

lMn>i>L‘aii  Synchrotron  Radiation  f  acility,  HP  220.  I  '-.^SO  f.i  i  ircnohlc 

P.  Zaumseil 

Insliliil  fur  Halhk'iicrfihysik.  PSf-  409.  D- 15220  f-rankfiirt  -  Oder) 


One  of  the  crucial  points  in  the  monochromatization  of  the  X-rays  at  a  third  generation 
synchrotron  radiation  facility  is  the  handling  of  the  heat  load  on  the  first  monochromator 
crystal  (or  fust  optical  clement)  This  makes  it  necessary  to  apply  complicated  cooling 
systems,  to  use  weakly  absorbing  materials,  andVor  sophisticated  geometrical 
arrangements  For  the  ID  19  HSRF  topography  beamline  (about  250  W  for  a  closed  gap. 
100  mA  electron  beam  current,  and  only  a  1.5  mm  Be  window  as  filter),  which  uses 
a  wide  beam  (height  14  mm  and  width  40  mm)  in  an  energy  range  from  about  6  keV  up 
to  more  than  100  keV,  the  requirements  with  respect  to  the  homogeneity  arc  very 
demanding.  The  best  material  in  the  case  of  the  topography  beamline  remains  silicon. 
One  possibility  to  reduce  the  power  of  the  incoming  radiation  absorbed  by  the 
monochromator  cry'stal,  is  to  make  it  thin  j  I  j  Depending  on  the  foreseen  energy  range, 
a  comotomise  for  the  crystal  thickness  must  be  found  between  a  minimum  of  absorption 
and  a  maximum  of  reflectivity  Furthermore,  the  crystal  plate  must  be  highly  perfect, 
i.e  without  lattice  defects  like  dislocations,  and  the  bending  of  the  reflecting  lattice 
planes  must  be  less  than  the  Darwin  width  for  the  considered  energy  (about  5  arc 
seconds  or  less)  For  other  applications  (e  g  monochromators  for  coronary  angiography 
at  HASYLAB)  such  solutions  were  already  tested  12],  but  not  for  the  requirements  for 
topography. 

We  investigated  several  silicon  wafers  with  a  thin  central  window  (membrane)  of 
variable  geometry,  produced  by  the  Fraunhofer-lnstitut  fur  Siliziumtechnologie  in  Berlin, 
rhe  thicknesses  of  the  membranes  were  betw-een  Igm  and  5gm  fo  characterize  the 
stajctural  perfection  of  these  samples  we  used  several  methods  1 )  optical  interferometry 
(measurement  of  the  surface  profile  and  in  some  cases  the  roughness  with  a  Wyko  bOOO) 
2)  white  beam  X-iay  topography  (detection  of  ervsial  defects  and  cnslal  defonnations 
using  the  topography  stations  at  the  synchrotrons  l.URI-  and  FSRF)  .))  inple  crystal 
•X-ray  ditVractometrv  (detection  of  net  plane  bending,  depth  profile  of  deformation,  ) 
with  instruments  at  the  Cirenot^le  (iniversity  (MRD  from  Philips)  and  the  Optics  beamline 
of  the  l.SRF  It  was  ptissible  to  characterize  the  main  parameters  of  the  thin  silicon 
membranes  which  determine  their  suitabilitv  to  be  used  as  l.aue  (transmission)  case 
monoehromalors  fur  wnchrotron  radiation  at  higher  energies. 

The  results  of  the  first  tests  are  veiv  promising  In  some  cases  the  structural  properties 
already  approach  the  lesci  we  need  (bending  of  the  membrane,  its  thickness 
lluctuaiions) 

Ml  \  K  treiMid.  (I  M.irol  M  k. uvula  S  lokvh  t.  /u'gler  1  h  ttcrniuii.  I  H  Kasiings.  Rev  Sei 
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I  KKRIMAfiNKTlC  DOMAINS  AND 
IIIK  VKRWKY  TRANSITION  IN  MAONKHH’. 
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Mimneiiie,  l''c3()4,  exists  as  a  mineral  and  is  the  oldest  magnet.  It  is  a  I'cmmagnet  and  is 
euhic  above  its  Curie  temperature  of  858  K.  At  room  lempcratiire,  its  easy  inagneti/.ation 
directions  are  <1  1  1>.  It  undergoos  at  about  120  K  the  Vcixvey  transition  to  a  pha.se  where 
the  easy  magneti/ation  directions,  rel'crred  to  the  high-temperature  cubic  axes,  are  <1()0>, 
and  where  complex  distortions  and  atomic  displacements  lead  to  magneloelectric  behavior 
sCiicIi  IS  still  not  I'ully  understood. 

(iood  single-crystal  samples,  with  thickness  in  the  range  0.2  to  0..s  mm.  of  magnetite 
grown  by  tlie  Bridgman  method  were  investigated  by  wliiie-beam  synchrotron  radiation 
topography,  using  a  temporary  setup  on  bending  magnet  line  D5  at  ICSRF,  operating  at  b 
(ieV,  The  beam  was  filtered  with  O.-S  mm  of  aluminum  and  0.6  mtri  of  iron.  The 
topographs  were  recorded  oti  Kodak  Industrex  R  film  .set  pcrpendicuhir  to  the  incident 
beam  at  a  distance  of  1 6  cm  frotn  the  specitnen.  Alternatively,  a  .Sofretec  imtigc  intetisifier 
CCD  camera  svith  a  B4.5  phosphor  was  positioned  to  fallow  the  image  in  real  titne  oti  a 
selected  Bragg-diffracted  spot.  The  observations  could  be  performed  also  below  the 
VetAvey  transition,  using  a  closed-cycle  Displex  type  helium  refrigerator,  and  a  tnagnetic 
field  of  about  0.2  T  could  be  applied. 


At  room  temperature,  simple  domains  are  ob.served  in  a  (Oil )  plate,  containing  four  easy 
magnetization  directions  in  the  surface,  The  domains  are  observed  through  the  71’  and 
lOd”  walls,  with  orientation  chise  to  (Oil)  or  (100).  Strong  variations  in  their  contrast  is 
encountered,  depending  on  the  wavelength  u.sed  for  the  reflection  and  on  the 
correspotulitig  structure  tactor.  as  well  of  course  as  on  the  direction  of  ttie  scattering 
sector  relative  to  the  w.ills.  .Spectacular  atiomalous  contrast  was  observed  when  a  verv 
weak  rellection,  711,  was  enhanced  through  simultaneous  lellection  tUmweganregungj 
of  400  and  .Ml.  at  a  wavelength  of  0.2.1  .A:  the  domains  then  showed  up  ;is  area 
contrast,  although  their  difference  in  distortion,  due  to  magnetostriction,  is  very  small 

tXi  1  1  -  8.10'5).  The  same  sample  otdy  has  two  easy  directions,  ±  1 100),  parallel  to  its 
surface  below  the  Verwey  transition,  resulting  in  a  complicated  domain  strueture  with 
closure  domains,  both  without  magnetic  field  and  with  a  field  applied  in  an  arbitrary 
direction  during  a  preliminary  experiment.  Short  movies  of  both  the  domain  wall 
movement  under  ;i  field  and  the  phase  transition  could  lie  recorded  on  a  microcomputer. 

These  results  will  be  shown  and  discussed.  .So  will  the  results  of  subsequent 
investigations  involving  the  application  of  the  Held  in  a  well  controlled  direction,  and 
other  samples,  aimed  also  at  the  search  for  variations  in  distortion  in  the  magnetically 
saturated  state. 

The  authors  are  happy  to  thank  Mr,  S.  Todo  for  preparing  a  single  crystal  and  Prof,  T, 
Doy  for  polishing  two  of  the  samples  used. 
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. 'iiiiTini  isi  /iiiK’  si/o  ,tiul  ;i  liipli  ti'Lii'iipj;  (.-Hit.  u-iuA  nip  lo  -UV',’  1,  Ii  h.i^  .ilsn.i  ikiiths^ 
'•pi.’v.  I  fid  I'.iikIu  ullh  I'l  mIhmii  A//a  »  1<>  4  |()  Such  ,1  ullh  iv  ilno  to  ;)  Inuh 

■'Pi'ilr.il  il'.  I'l  ht'n'jL'  I'l'IkA'lnni.  I li>\\ o\ i-t.  ipiiti.’  .i  niimiH'i'  ni'  ,iiuI 

llu  nul  ivqiiitv  Mali  Inuh  iiMiKa  liroiuiili/.ilinn. 

I .  ’  Iti  Mill'll  llii'  '■.|H‘i'l  nil  h.iiiilw  '.llli  a  i'  priipoM'il  121  In  .ili;iiiilnn  I'l'lli-i  linn 

■  nul  iisi'  till'  ini.il  I'Nti'iiiiil  ri’lli'i'linii.  Mou'iaiT.  llu-  U'l.il  I'Mi'i'iiiil  ri'l'li’i'llnii  luis  ‘'lUiu' 
ii''v'l'iil  piiipi'ilii'-.:  till'  ri'l'li'i'tinit  I'lii'll 'icii'iils  nl' a  .i\ I'li'iiulil*’  .ii’i'  i  Ium'In  In  iiiiil\,  iIr- 
pi'iu'iraiinii  iloplli  nf  w.isi'^  msiilo  iho  '-liiUcriiiL;  iiu'diimi  iv  .ihniii  tans  nl’  aiiiz'-lrnni"- 
aiiil  lIu'  ii'-i'  n|  llii'  ri’lli'ilinii  la\niil  allnas  ilu'  prniliii'linii  nl'  loi'iKiii^  rli'MU’iils  a^- 
I'liasi'  niK's,  Tho  lU'R  ispo  nl'  X  lav  rni'iisiiiL’  ok’iiuMil".  prnpnsi'il  ail'  phase  I  resnel 
>'niK'  plak's  al  >!ia/iii!:  iiK'iik'iK'i'  ami  llu'\  ui'ce  calleil  ■.’la/'lni;  iiK  iik'iU'O  phase  I  resnel 
/niie  plates  ( ( ill’l7l’s  1. 

Ill  ihis  sunk  Ihe  i'niirii.'111'alinii  aiul  the  optimal  /one  heiiihl  of  ( Hl’IZl's  have 
keen  ileHiK'il  lor  I  I)  \  ra>  isaeiital  aiul  iiieriiliotial  setups)  and  2  I)  \  las  roeusin'i. 
I  III'  '-pei'iral  and  ''paiial  resoliilions.  the  inlensii)  at  the  local  spot  hau'  keen  defined 
lor  these  ( i|  I’l  /r^  a'-  'U'll.  1  inear  and  clliplical  ( lll’l  /Ps  ha\  e  keen  fakneated,  An 
i'\|H'rimental  Icsihr'  ol’ihese  rociisiuM  elenienis  has  kei'ii  carried  oni  iishil'  an  \  ra\ 
I'eiieratoi  a  illi  a  roi.iliii)'  anode  I  A  I.M  A  c  A  liieh  conlrasi  nl  ihesiiiiice  miapcs 
show  ilic  I'oicniial  pnssili||mcs  in  use  the  t  ill’l  /l‘s  loi  \  rai  niicroprokes. 

IseliTi'iii  I's 

I  I  I  \  A  .  Arisi,i\ .  A  A.  Sninirev .  >  ii.A.  Hasnv .  A  An.  Nikulin.  All’  (  onl.l’ioe.  147 
I  I  'iS(o  2 'So 

I  2 1  ^  ii.,\ .  Hasni .  I )  A  .  Roshchiipkin.  A.I:.  'I'akshin,  ( )pi .  l  on  1  mini,  >  I  'W4).  to  ke 
piiklished 
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THE  USE  OF  THE  X-RAY  TOPOGRAPHY 
IN  THE  INVESTIGATION  OF  TWINNING  IN  LaGaO^  SINGLE  CRYSTALS 

I.K.Bdikin,  I . M. Shmyt ’ Ro 

Institute  of  Solid  State  Physics,  Russian  Academy  of 
Sciences,  chernogolovka ,  Moscov  district,  142432, 
Russi a 

A  detailed  study  of  a  real  structure  the  LaGaO^  single 
crystals,  grown  by  the  method  of  crucibles  zone  melting  with 
radiation  heating,  has  been  attempted  by  the  methods  of  X- 
ray  topography  and  dif  f  ractometry  in  this  work  in  a  wide 
thermal  range  (20"-300"C)  ,  including  a  probable  phase 
transition  interval  at  l50"c  [1]. 

It  has  been  found  out  that  at  20"c  these  crystals  have  an 
orthorhombic  unit  cell  with  the  parameters:  a-=5 . 520  ( 2 )  A , 
b=5.490(2)A,  c=  7,770(1)A  and  twinning  in  {110}/<lTo>  and 
{112}/<iTo>  systems  simultaneously.  The  regions  of  cross- 
twinning  have  been  discovered  in  these  systems. 

The  first-order  phase  transition  from  orthorhombic  to 
rhombohedral  lattice  has  been  observed  at  139. D^C.  The 
temperature  hysteresis  of  the  transition  was  about  0.5''c. 
The  crystallographic  parameters  of  the  rhombohedral  cell 
being  a=3.889A,  a=89.50''  (15o‘’c).  The  samples  in  high 

temperature  phase  have  also  a  developed  twin  structure.  The 
inherited  transformation  of  twin  structures  occurs  during 
the  phase  transition,  at  which  the  cross  twinning  in 
{100}/<001>  of  a  rhombohedral  lattice  transforms  into  the 
twinning  in  {112}/<110>  of  an  orthorhombic  phase.  Long-term 
cycling  through  the  point  of  the  phase  transition  retains 
only  one  {1121/<110>  twinning  system. 

1. Sandstrom,R. L. ,Giess, E.A. ,  et  all,  Appl , Phys . Lett . ,  1988, 
53  (19),  1874-1876. 
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THE  DYNAMICAL  DIFFRACTION  EFFECTS  IN  THE  X-RAY  TOPOGRAPHY 
OF  THE  HIGH  TEMPERATURE  SUPERCONDUCTORS 

I.K.Bdikin,  I. M. Shmyt'ko,  V. Sh. Shekhtman 

Institute  of  Solid  State  Physics  of  Russian  Academy  of 
Sciences .  142432,  Chernogolovka ,  Moscov  district ,  Russia 

In  this  investigation  we  observe  the  X-ray  anomalovis 
transmission  effect  in  high  temperature  superconductors 


(Nd  CuO  , 

'  a  4 

different 

(LaSr)  CuO 

thickness  (15 

EuBa  Cu  0 

a  3  7-x 

i-100  dW  )  [1]  . 

and 

YBa  Cu  0^  ) 

2  3  7-x 

of 

With  the 

of  X-ray 

topography  it 

is 

shown  that 

the 

EuBa  Cu  0 

2  3  7- 

^  crystals 

grown  in  alundum 

containers 

are 

noncentrosymmetrical .  The  image  of  the  crystal  reverses  its 
contrast  on  opposite  after  rotation  by  180’.  The  space  group 
of  such  crystal  is  P2mm.  They  have  a  polar  axis  along  [100] 
and  are  divided  into  polar  and  antiphase  domains.  The 
polarity  and  ferroelectricity  of  the  HTSC  are  discussed  in 
literature  [2-4]. 

For  the  EuBa^Cu^O^  ^  crystals  we  obtained  the  dependence  of 
the  Borrmann  effect  from  the  length  wave.  At  the  A-0.95A 
the  image  of  the  crystal  changes  its  contrast. 

The  X-ray  topographic  image  of  the  single  crystals 
YBa  Cu  O,  and  EuBa^Cu  0  consists  of  the  domains  with 

boundaries  along  (110)  (YBa^Cu^O,^  and  (100) 

(EuBa  _Cu.^O,^  ^)  .  Variable  concentrations  during  the  growth  or 
the  antiphase  twinning  are  likely  to  be  the  reason  for  this 
structure . 

1. Bdikin  I.K.,  Shmyt'ko  I.M.,  V. sh. Shekhtman ,  N . V . Abrosimov, 
G.A. Emel 'chenko,  Yu.A.Ossipyan,  Physica  C,  1992,  201,  69-74. 

2 .  L. R. Testardi ,  W.G. Moulton,  H. Mathias,  H.K.Ng,  and 
C.M.Rey,  Phys.Rev.,  1988,  B  37,  2324. 

3 .  V.M. lah' uk,  L.A.Kvichko,  V.p.Seminozhenko,  V.L. Sobolev, 

N. A. Spiridonov,  Pis'ma  v  ZhETF,  1989,  49,  341. 

4 .  D.Mihhailovic,  I.Poberaj,  A.Mertelj,  Phys.  Rev., 
1993,  B  48,  16634. 
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I  HK  INFLUENC  E  OF  C  OHERENCE  LENGTH  OF  PSEUDO  PLANK 
X-RAY  BEAM  TO  THE  CONTRAST  OF  DEFEC 1  IMAGES. 


E.A.BeliacvskayH,  V.N.Ingal. 

A -/■(/)'  I ,  Si.I’cicrsbiir^,  Rii.ssili. 

The  nuilticrystal  plane  wave  topography  is  effective  in  detection  of  micro  detects 
and  other  sources  of  small  deformations  in  perfect  monocrs'stals  Due  to  incident 
plane  wave  the  computer  experiment  is  possible  for  some  types  of  defects 
Howes  er  the  results  of  comjtuter  simulations  often  do  not  coincide  with  experiment.  Of 
course,  imperfections  of  the  rlefect  model  may  be  the  reason,  however  it  is  obvious  that 
pseudo  plane  wave  parameters  are  also  important  Various  theo  ries  exist  (e.g  ,  [1,2]) 
taking  a  plane  t\ave  divergence  into  a  consideration  and  we've  made  some 
experiments  to  test  theii  results  We  had  examined  the  images  of  dilTerent  defects  iii 
various  paanc  wave  schemes,  (n,  -n)  and  (n,  -n,  n),  with  difterent  wave  parameters  in 
^ioK.^^  radiation  and  Si  FZ-ntonocrystais 

lixperimcntal  results  showed  the  .strict  dependence  of  image  character  on  the 
pseudo  plane  vvave  divergence  i'hc  primary  wave  divergence  increase  leads  to  the 
defect  image  expansion,  fhis  resul'  coincides  with  the  theoretical  conclusions  made,  in 
1 2)  file  primaiy  wave  ilivergence  decrease  results  in  X-ray  optics  scheme  resolution 
ri.v.t  so  as  the  images  of  large  dislocation  loops  become  more  informative.  The 
method  sensitivity  to  small  deformations  becomes  better.  However  when  the  tie 
point  moves  to  the  rocking  ctnwe  tail  the  images  of  small  power  defects  disappear 
because  the  size  of  kinematic  .scattering  area  correlates  with  the  grain  size  of  the  photo 
em  ilsion  and  the  interference  is  suppres.sed 

The  images  of  small  powei  defects  also  disappeared  in  any  tie  piunts  in 
experiments  with  the  triple  crystal  spectrometer  where  the  wave  divergence  was  near 
d,')8'’.  I  his  ri’.^'ult  was  not  predicted  in  theory  and  can  be  qualitatively  explained  by 
die  presence  of  additional  peaks  in  the  rocking  enrse  ot' perfect  monoci'ystal  [dj 

W!  n  the  crystal  undei  to.st  is  dew  wJ  tiom  the  exact  Bragg  position  there 
''caib'  exist  sonic  layer  m  t!]i.'  crystal  center,  m  which  the  interference  phenomena 
a'c  disappeaied  til  is  not  m  conllict  with  [  I  j)  fhe  shoitei  is  the  cohcience  length  the 
thicker  is  tins  laver  ai.d  it  appears  faster  when  tic  point  moves  to  the  rocking  curve 
tail  fhe  direct  oualitative  ohscrsation  of  said  statements  with  the  help  of  inclined 
dislocation  modci  is  al  n  sup[ioscd  .So  the  angular  position  of  the  crystal  under  test  close 
to  tl’.e  exact  Hi.ige  mic  is  the  most  mfoimatwe  in  the  plane  wave  scheme  due  to 
folfillment  of  the  conditions  of  iiiierference  contiasl 

1  V  1.  In  ienhom,  \'  M  Kaganei.  Krystallografiya,  1986,  v  .d  I,  N  1,  p.2.d. 

2  P  \' fctrasheiV  Mctallojihizika  198.1.  v  10,  N  I.  p  18 
1  Ole  Alstrup  .Acta  (6  st  ,  1978.  v  .14a,  p  .1,  p  l(i2 
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High  resolution  X-ray  diffraction  study  of  p(»rous  silicon 


D.  BHLLET,  D.  BUTARD,  G,  DOLING 
Laboratoirc  de  Spectromctrie  Physique 
Universitc  Joseph  Fourier  (Grenoble  I) 

BP  87,  38  402  Saint-Martin  d’Hfercs  Cedex;  FRANCE. 


Porous  silicon  (PS),  obtained  by  an  HE  electrochemical  etching,  was  first 
investigated  for  Silicon  On  Insulator  technology  applications.  More  recently,  the 
discovery  of  the  optical  properties  (photoluminescence  and  electroluminescence)  rose  a 
considerable  interest  for  this  material.  In  addition  to  its  optical  properties,  PS  exhibits 
interesting  physical  properties.  For  example  PS  remains  a  nearly  perfect  single  crystal 
even  for  large  porosity  (above  80%). 

Using  high  resolution  X-ray  diffraction,  we  have  investigated  porous  silicon 
samples  fabricated  under  different  conditions.  For  p'*'  type  on  ((K)l)  wafer  orientation,  the 
PS  lattice  parameter  is  slighMy  increased  compared  with  the  substrate  one.  The 
investigation  of  an  asymetric  reflection  (4  -2  -2)  shows  that  the  interface  between  PS  and 
the  substrate  is  coherent.  At  the  bottom  of  the  Bragg  peaks,  reciprocal  space  maps  show 
an  anisotropic  diffu.se  scattering  which  is  due  to  the  nanomctric  size  of  the  silicon 
nodules.  For  p  type  (with  a  smaller  pore  size)  the  lattice  expansion  is  larger  than  for  p+ 
type.  We  have  measured  lattice  parameter  variations  induced  by  various  effects:  anodic 
oxidation,  prc.scncc  inside  the  pores  nctw-ork  of  a  liquid  or  an  alkane  vapor... 


MOSSBAIJHR  r-lI.TRAl'ION  (JF  SYNCHROTRON  RADIAI  ION  AT  ISO'l'OlM-; 
IN  TFRFAC  F:  AT  C.R  A'/.ING  INCIDI-INC'F: 


V.  A. Belyakov  and  l.V.Zhadetiov, 

SitrfcH  i'  and  Vc/ciiuw  Research  Center,  Kravchenkn  sir.,  H,  Moscove,  ll7iM  Russia 

Mossb;\iier  f'iltnuion  of  Synchrotron  Radiation  (SR)  11|  iliie  to  the  resonant  Mossbauer 
scattering  at  an  isotope  interface  (a  plane  interface  between  different  isotopes  of  the 
same  cliemical  element)  under  conditions  of  a  total  internal  relleclion  is  theoretically 
investigated,  The  mentioned  scheme  of  Mossbauer  filtration  of  SR  allows  one  to  suppress 
the  background  connected  with  the  nonresonant  SR  scattering  becau.se  of  absence  of 
reflection  at  the  isotope  interface  if  there  is  no  resonant  scattering.  Calculations  of  the 
reflection  coefficient  at  the  '''’F'e/‘'^Fe  isotope  interface  versus  the  SR  energy  and  the 
incidence  angle  are  performed.  It  is  shown  thatdue  to  the  sharp  resonant  dependence  of  the 
total  renection  critical  angle  lor  an  isotope  interface  on  the  SR  energy  the  choice  of  the 
incidence  angle  and  of  the  divergence  of  the  incident  SR  beam  allows  one  to  change  in  a 
great  extent  an  energy  line  widlli  of  the  filtrated  SR.  Because  in  any  real  experiment 
other  interfaces  except  of  the  i.sotope  one  are  inevitably  present  and  generate  a  nonre.sonant 
background  special  geometries  of  tlic.se  interfaces  which  allow  to  suppress  the 
backgroum'  are  examined,  llie  main  idea  of  thesuppre.ssingof  the  background  by  a  choice 
of  the  interf  aces  geometry  reduces  to  the  choice  of  .such  geometries  in  which  the  i.sotope 
interface  is  nonparallel  to  the  another  ones.  This  allows  to  separate  the  scattering  direction 
at  the  isotope  interface  from  the  background  scattering  directions  from  the  other 
interfaces  with  a  simultaneous  background  intensity  reduction  Ix'cau.se  the  nonisotope 
interfaces  occure  to  be  far  away  from  the  total  re'lectum  condition.  vacuum  - 
non  Mo.ssbauer  isotope  interface  of  a  .saw-  like  profile  combined  with  a  planar  i.sotope 
interface  is  examined  in  details.  Numerical  calculations  illustrating  ailvantages  of  the 
jU'o|ioseil  scheme  of  ,SR  Mo.ssbauer  filtration  in  comparison  with  the  others  are  carried  out 
I'or  a  “'''Fe/''^F'e  isotope  interface. 

1.  V..'\. Belyakov,  F)iffract:on  (fptics  of  Complex  vStructured 
Periodic  Media,  N.Y.,  .Springer  Verlag,  IW2,  f'hpt.X. 
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(  RVSTALLINK  l»KRFK(  TION  OF  TIIF  PFROVSKH  E  |Nd,  Si K Ta,  \1)0, 
Sri  niFI)  BY  01*1  K  AF  AND  \-RAV  MFI  HODS 


11.  Berger",  .1.  Doerschel",  J.  Oolle",  and  P.  Reiche** 

u)  Humhuldl-L'invetsitat  zu  Berlin.  Institut  fur  Phystk.  Invalidenxirasse  HO.  IP10II5 
Berlin,  Germany 

hi  Insiiini  /hr  Knstallzncluun^  ini  f  'arschungsverhund  Berlin  e.l'.,  Biidouer  Chanxsee 
6,  n-12-JS9  Berlin,  Germany 


(  iibic  solui-solution  pcrovskites  with  the  composition  [Nd,,  ,  Si„„)(Tii„  ,A1„,)(),  to  be 
used  iis  liittice-niatched  substrates  for  epitaxial  growtli  ofhigli-T,  superconductor  layers 
were  grown  by  the  ('/ochralski  process  Specimcti  slices  were  prepared  from  seed, 
middle,  ;uid  tail  sections  ot'  the  crystal  boule  Ilicy  have  been  cliarticteri/ed  by  photo- 
elastic  studies,  chemical  etching,  double-crystal  topography  and  locking-curve  measure¬ 
ments  as  well  as  bv  triple-axis  diffractometry  (mapping  around  the  reciprocal  lattice 
point) 

Hie  hall'widths  of  rocking  curves  measured  on  various  points  of  the  slices  vary  appreci- 
ablv  (22"  to  140")  In  the  region  of  the  half  radius  of  a  slice,  the  lowest  values  seem  to 
be  realii'ed  All  the  curves  show  broadened  shoulders  In  areas  with  growth 
distuibiuices.  tlie  rocking  curves  are  broader  tuid  splitted,  freciuently 

.Sinking  I'eaturcs  of  the  detect  siructiire  are  \’ariaiions  ol'  ihe  chemical  composition  on 
a  hiige-iiuige  scale  and  m  growth  ^tllatlons.  revealed  In  cliemical  etclimg  as  well  as  by 
\-r,i\  topograpln  I'he  ainiilitudc  of  the  relative  laltice-|)ai ameter  \ariations  over  the 
striations  amounts  ( I  to  2)  ■  10  ‘  The  whole  difference  of  relative  lattice  parameters  m 
an  area  of  about  mnr  was  foiurd  to  be  m  the  order  of  magnitude  S  ■  10  which 
c()r,es|ioiuls  to  composition  \ai unions  of  about  1  at"ii  from  the  reciprocal-lattice 
mapping,  it  follows  that  the  lattice-parameter  changes  are  correlated  with  orientation 
chiuiges.  probably  due  to  non-cubic  lattice  distortions  that  also  mainly  contribute  to  the 
observed  photoelastic  contrast 
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y/y'  MISMAK  H  STtDIKS  IN  A  SINGLK-CRYSTAI  LINF.  Ni-BASK 
SUF’KRALLON  BY  RK(  IPROCAI.-LAH  l(  K  MAPPIN(; 


II.  Berger  and  L.  Wilde 

Humboldi-L'mvi'fsitai  :i/  Berlin,  hislilnl  fiir  Phystk,  Invalidenstrasse  III),  D- 1 0115 
Berlin,  (ierniany 

Ni-h;isc  siiporalloys  are  important  as  materials  with  high-lemperature  strength  Hiev 
eonsisl  of  two  pliases,  the  fee  v  phase  luui  the  /  phase  having  an  ('U|Aii  superstnieture 
ITie  lattice  mismatch  A  2(o,.  -  *  n.,)  between  both  phases  elTects  tlie  creeir 

helununir  riierefore,  it  is  necessai\  to  determine  this  mismatch  ;uui  fiirthei  siiuetmal 
parameters  m  order  to  anderstiuid  the  strength  luid  creep  properties  of  these  materials 

liecaase  of  tlie  small  mismatcli  and  of  the  broad  orientation  tlislnhiition,  the  full  two- 
dimensional  distribution  in  reciprocal  space  has  to  be  studied.  Rellections  with  high  dif¬ 
fraction  angles  70"  ruid  74")  were  used  to  obtaiti  large  lattice-parameter  clumges 
The  latticc-paramclcr  distributions  were  integrated  over  all  orientations  Three  samples 
of  slightly  different  composition,  each  before  .ind  after  creep  deformation  were  m- 
s'estigated 

Hie  intensity  maxima  of  the  two  phases  are  only  partially  separated  so  that  the  mis¬ 
match  as  well  as  their  volume  fractions  had  to  be  determined  by  profile  fitting  Sym¬ 
metric  L'ui\es  ((iaussttin.  l.orentztan)  do  not  give  good  rehiibdity  in  some  cases  so  that 
a.symmetiic  curves  were  taken  into  accotuit  Superstructure  renections  of  the  /  phase 
were  me:''.,iied  additionallv  to  indicate  the  shape  of  single-pluise  rellection  firofiles 

'Hie  mismatch  values  amoiuit  from  '  to  -O'- It)"'  for  uiuieformed  and  from 

-Sxio  '  to  -12x10'  for  deformed  samples  nils  difference  seems  to  be  large  conside¬ 
ring  the  applied  stress  of  about  70  MPa  llie  volume  fractions  of  the  y'  phase  vary 
between  ;uui  7()"(i.  which  is  also  tut  luiexpected  high  value 

This  work  was  supported  by  the  Deul.sche  l•■or^chlUlgsgemelnschaft  (contract  no.  Be 
l.'Stl  4-2) 
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RY  THE  ONE-DIMENSIONAL  MODULATED  STRUCTURES 


A.P.Bc/ir{|>aiivan,  S.E.Rc-/.ir(;anvan  and  P.H.ReyJrganyan 

Department  of  Solid  State  Physics,  Yerevan  State  University, 

A.  Manooiiian  Srr.  I.  Yerevan  J7S()49,  Repuhlic  of  Armenia. 

TIu-  X  ray  and  tlic  extreme  ultraviolet  radiation  dit't'raetion  by  the 
pcriodicone-tlimensional  modulated  multilayer  interference  structures  (MIS)  is 
considered.  In  the  case  of  the  perfect  semi-infinite  MIS  there  exists  a  minimum  number  n 
of  the  layers,  effectively  reflecting  in  the  diffraction  region  of  the  incidence  angles.  This 
number  is  defined  by  the  condition  n  *'  L/  d,  where  L  is  the  extinction  length  and  d  is  the 
space  period  of  the  MIS.  If  the  angle  of  incidence  U  is  far  from  the  diffractioti  angular 
region,  then  depending  on  U  for  the  real  absorbing  MIS  there  exists  a  finite  maximum 
number  n(U)  of  the  structure  layers,  which  are  interacting  with  the  incident  wave  field.  This 
number  is  defined  by  the  condition  n(U)  *  L(U)  /d.  where  1  .(II)  is  the  depth  of  penetration. 
The  parameter  n(LJ)  may  be  changed  by  the  corre.sponding  selection  of  the  materials,  as 
well  as  of  the  relations  between  the  layer  thicknesses  in  the  one  period  of  the  MIS  (e.g.  see 

I I.  21).  Ry  this  the  retlection  coefficient  R  ’  1.  if  the  conditions  N  *  nand  n  «  n(lJ)  are 
simultaneously  fulfilled,  where  N  is  the  real  MIS  layers'whole  quantity.  In  particular  the 
MIS  rctlectivity  is  increasing  while  the  L  is  decreasing.  In  view  of  this  in  the  paper  it  is 
investigated  the  1.  of  the  one  dimensional  modulated  MKS.  It  is  shown  in  particular,  that 
even  in  the  case  of  the  perfect  transparent  MIS  with  the  periodic  one  dimensional 
modulated  polari/.ability  (the  case  with  cosine-like  polarizability  is  considered  in  |.')|)  the 
angle  of  incidence,  svhich  is  corresponding  to  the  extinction  length,  does  not  coincide  with 
the  inuklle  of  the  angular  region  of  the  unstable  solutions. 

I I I.  (i.Sehmahl  and  I). Rudolph  (editors),  ,X  Ray  Microscopy,  Sprinecr  Scries 
in  Optical  Sciences,  Vol.  4.k  S|iringer,  Herlin  (ldH4). 

|2|.  i.Michette.  Optical  Systems  for  Soft  X  Rays,  Plenum  Press,  New  York 
and  I.oiuloti  ( IdSfi). 

I'll.  P..A.Re/.irgaiiyan,.A.P  Rezirgatiyan  and  S.E.Bezirganyan,  Phys.Stat.Sol  (a) 

1  16,  46d  (  1')S‘)). 
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X-RAY  SPECULAR  STANDIN(;  WAVE 


S.E.lk'/iryaiiyan  and  A.P.Be/.irgaiiyan 

Department  of  Solid  State  Physie\,  Yerevan  State  University. 

A.  Manoo^ian  Str.  I,  Yerevan  375049,  Republic  of  Armenia. 

Ill  ilie  case  of  Lane  geometry  of  diffraction  and  the  backscattcring  from  the  nionocr>'stals 
and  the  high  quality  multilayer  interference  structures  (MIS)  the  diffraction  angles  of 
incidence  corres[)onds  to  the  region  of  the  total  external  reflection.  One  of  the  two  waves 
reflected  from  the  structure  surface  is  well-known  as  a  specular  (mirror)  reflected  wave, 
and  the  other  one  is  the  plane  wave  reflected  from  the  .structure  in  tlie  opposite  direction  of 
the  incident  wave  (specular  backscattered  wave,  see  |1,  2|).  In  con.sequence  of  the 
interference  ol  lliese  two  specular  waves  is  forming  a  .specular  standing  wtive  (SSW) 
directly  over  the  structure  surl'ace  with  the  .same  space  period  as  for  the  reflecting  family  of 
the  net  planes.  The  di.spositions  of  the  SSW  crests  and  nodal  points  along  the  stnicture 
surface  are  depending  on  angle  of  incidence  and  the  Bragg  angle.  One  tnay  determine  the 
dispositions  and  tlie  length  of  thcclienucal  bond  of  the  foreign  atoms,  ad.sorbed  on  t!ie  pure 
structure  surface,  by  measuring  the  .secondary  radiation  and  shifting  SSW  along  the 
structure  surface.  Moreover,  one  may  obtain  the  impurity  atoms  twti  dimensional 
disposition  pattern  by  combining  of  this  method  with  tlie  ordinary  one  in  which  the 
distances  are  measured  in  the  case  of  the  Bragg  geometry  of  diffraction  from  the  other 
family  of  the  net  planes  of  the  .same  structure. 

1 1 1.  A.P.Be/'.irganyan  and  P. A.Be/.irganyan,  Piiys.Siat.Sol.(a)l().'i,  .Tt.S  ( 19HS). 

12|.  A.I'Bc/irganyan.  Phys,Stat,Sol,(a)109,  101  (198X). 
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STRAIN  IN  THICK  EPITAXIAL  LAYERS 


K.  Hickm.inn,  and  J.  Ilauck, 

histitut  fiir  Festkorperforschung,  KFA  Forschungszentrurn  JiiHch,  D~ 
52^25  Jiilich 

\  ray  diflriK  liuii  mcasiirciiu-iils  Ix-l.wtx-n  rooni  l.cmixMiil.tiio  aiul  ‘100  "(.•  with  a 
|)i('(ision  of  Ad/d  s;  10“'  (Lund  mcl.liod)  oxidliil.  sonu-  dot.ails  in  t,lu‘  va.rialioii  of 
strain  ill  ~1  //in  Uiick  /'pil.axial  layois  of  (laAs.  Ini’,  ('dTc,  I'jiS  or  SrS  on  Si  or  (JaAs 
sulist rates.  I'liese  layers  arow  <olt(“reiil,ly  at  a  kit.l.ie/'  mismat.eh  f  <  0.001  Ix-t.wcen 
lavei'  and  sulist  rat./'  and  ineolier/'iilly  at.  largi-r  f  v;dne.s.  The  slo])/’  Af "/ Ad' s:  a,  ~ 
oftheslr/dn  r"  par/dlel  In  t  In' siilisi.rat.e  is  lU'nat.ive  or  po.sit  ive  lierause  of  Uie  different, 
llieiiual  ex|iansi/)n  eoellieient.s  o,„  and  /«„  of  the  substrate  and  thin  lilm  uiat.erials. 

1  lie  lat  t  ice  paraun’t.ers  of  I  he  eubie  lay/u's.  whieli  are  ileposited  at.  liigll  Uuup/'ralures 
1 , .  de\  iale  from  t  he  hil.t  ue  ]uirami‘ters  of  t..he  single  erystals  iit  1  liis  t.einperat.ure  (fig. 
1).  1  lierelur/'  a  str;iin  -  10  ’  <  ("  <  10“'  remains  on  /doling  to  point.  A,  which 

can  be  mueh  larger  than  the  strain  It)  ’  <  /."  <  10  '  in  huge  siiigl/'  /  i yst.ids.  I’lie 

vidues  of  all  planar  (la.As  atnl  ICuS  .sainph's  at.  point  ,A  at/'  iu/uease/t  by  one  or 
two  annealing  pro/'esses  at  100  100  to  point.  H  or  Negative  /'’  values  were 

oliseiwed  for  (laAs,  Inl’  ami  SrS.  posit  ivi-  /"  values  for  I'.uS.  /\pproximately  eonslant, 
luit  ios  -((•'■  -  l/( ( iii’e  obt.ain/'<l,  if  t  he  /"  values  at  .\,  1 1  or  (, '  are  considered 

as  refereiu'e  valui's  iiisl/’a/l  ol  tin’  <"  -  0  values  of  the  singh'  cryslals.  I’liese  rat, ios 
can  deviate  for  ilillerent  his'ers  of  t.he  same  mat.erial,  e.g,  bel.w/sui  O.  KS  in  ‘125  nm 

h'.uS  and  1.27  in  oOO  nm  l.uS  hiyers.  The.se  values  are  also  dilh'renl  from  tin.'  valu/.’s 

0.75  ( LuS).  O.Ol)  ( ( la  As ),  and  1.12  ( In  P ).  which  /ire  obt  aiue/l  fidin  /’laslic  c/msl.ant.s. 
,\  large  wiriation  of  the  /"  and  T,  values  at.  points  .A,  H  au/l  ('  changes  t.he  physical 
properties  or  /lestroys  the  expit  axial  layers.  Small  variations  are  a/'hi/'ved 

a )  for  s\'sletii.s  wit  h  a  st  rung  bomling  lii-l  wta'ii  layer  and  subslrat.e  as  /'.g.  In  P/CaAs. 

b)  for  (la.\s.  wlii/'h  was  sialiili/i’il  at  thesti'psof  a  viciii/d  Si  (001)  plane. 

i  )  lor  (la, As  layeis  with  .iiiiorphous  buller  layers,  llie  I einp/uat.ure  /if  point  H  of 
t  Ill's/'  la\'ers  coir/'spou/ls  with  th/'  t/'iuperatiire  ol  ileposilion  ol  l.hi’  bull/'i'  layer. 
1  111'  layers  are  uiisiraine/l  at  jioint  H  <iiul  ilo  not  vary  on  furih/'r  annealing, 


I'ig.  1;  A'ari.ilion  of  strain  in  a  KiiS  layer  afti-r  /h'position  at  T,  (.\)  ami  after  an¬ 
nealing  at  jtit)  atiil  2S0  "( '  (11.  C  j. 
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AUS'I  HAC  rs 

HIGH  TEMPERATURE  I'RIPI.E  C:RYS  I'AE  X-UAY 
GONIGME'l'ER 


Bochm'cok  Z<ieiii*k 

Depart  lurnl  of  (I'njrnil  I’htjsirs.  i'oruUii  oj  Srnnr.  Masariik  I  ii  in  rsil  ij  linio, 
luitldrskd  J,  till  ■'!  linio,  ('ill'll  III  piililii-. 


A  lri|il<’  iTS'sl.il  >11  III  I'f  witli  liii;li  l  i'in|>i'i;it  iii  r  Imii.iir  li.i.s  liccil  ili' 
MfiiH'il.  1  liis  miiiiDiiii'l IT  IS  i'ii|>,ili|i'  III  |iii)\  iili-  liiL’.li  ri'‘-i)liil  imi  x  i  .iv  iiumsiiii' 
iiiiMil  III  t ('iii|ii'i'ii I II I'cs  up  III  Sr)()"( Till'  lu uiiDini'i IT  I'li'.iiri'  .1  sullirii'iil  .iiiipilfii 
iUhI  ail  l■.\|■|■lll'^l  ti'liipiTal  ilir  slaliililv.  Il  i>  pussilili'  In  iisr  iiirll  jj,as  aiiiliirnt 
at.  al  iiiDsplin  :r  pir.ssiii  i'. 

A  iiy/,111  ’/n  Ti'  la>'cT  ili'piisil  I'll  nil  .')l)()//iii  (  la.As  siil>.'-l  1  aln  u  a.s  sl.iiilu'il  us 
iiif^  Uli.s  ('(|uipiii(‘ut .  I'liiTiiial  I’Xii.iusinu  mi'llii  inil  nf  llu'  siilisl  ral u  luis  Iutii 
iiK'fiHurcd  usiiija  I  Ik'  l.i'iplc  iTVsI  al  arrauf!,i'uicul.  in  I  lie  t.rui|i(Tal  iiir  i,i.iij!,i'  u])  l.u 
T')()'’C'..  With  this  iiK'lhoil  till'  Hiap'if!,  aii/.',l<'  i.s  iiiimsiiitiI  dirc'etly  ( r('lii,l,ivi'  value 
with  re.speet  (ei  I'niuu  t.eiiipeial  lire  pu.'ul  inii )  aiiil  thus  any  au);ul.ii’  iii.sla.liilitii's 
uf  till'  lu’at.ed  sa.inple  are  eliiiiiiialed. 

Uotiiliiiiiiijr  hdtli  triple  and  doiihle  |■r>■sl  a  I  iiieasureiui'iil  we  have  1  let  erii  lined 
thermal  expansion  eoenieieiil.  and  ehistie  eonslaiil.s  in.  in  of  llie  layer.  Slres.s 
in  t  hill  film  wa.s  measured  from  I  lie  radius  of  eiiiTal  ure  of  the  suhstrai.e.  Elasl.ie 
deforiiial  ion  was  deiermined  from  the  siilistiale  and  la\'er  peak  .separation  m 
lioth  sy  millet  rieal  atid  urax.inr’,  exit  asyiuiiiilrie.il  dill'raet  ions. 

Ill  additiiiu  till*  eli'wileil  I  eui|.'erat  ure  leriproe.d  .sp.ui'  maps  o!  the  la\er 
hax’e  lieeii  11  leasii i  ei  1  111  sv iiiuiet  iT  al  and  I  Wn  a.sN'iiiiiiel  1  ie.d  di  II  raet  ions. 

1  lie  appal  at  U.s  ran  he  U.seil  lor  .si  udyillj.’.  o|  luel.islu  I'llcrls  111  llilll  lilllls 
which  OICIII'  ilnrilU’,  llU'.ll  leuipei.iluie  .lllliealinr'..  1  he  le.slllls  of  1  he  l.llesl 
e.xperiiiieiils  will  he  shown  loo. 
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X-RAY  STANDING  VVAVK  SI  DDY  OF 
CdTe/MnTc/CdTe  (100)  HKTEROIN  I  KRFAt'F 


Boulliard  J.C.,  Capelle  B.,  Gualaiidris  S.,  Lifdiitz  A.  and  Tatarcnko  S.* 

L.M.C.P.  4  Place  Jussieu,  75252  Paris  Ce(lex()5  France 
HXR.F.M.C  H5xC.E.N.G.  3S04I  Grenoble 


Some  slructural  eharacierisUcs  of  0.7  and  2  monolayer.s  of  MtiTe  huried  in  a 
Cd  TefUK))  maliix  were  studied  by  means  of  the  x-ray  slandinp  wave  (XSW)  method. 
The  XSW  results  were  interpreted  with  the  dynamical  theory  of  x-ray  diffraetion. 
According  to  this  theory,  standing  waves  oeeur  in  the  crystal  as  a  result  of  the 
interl'erenee  process  between  incident  and  diffracted  wave  fields.  The  standing  wave 
pattern  has  the  periodicity  of  the  rellecting  planes.  By  rocking  the  crystal  within  the 
angular  range  of  the  Darwin  curve,  the  standing  wave  pattern  shifts  by  half  of  a  period. 
Therefore,  a  layer  of  huried  atoms  will  have  variation  ol'  nuorescenee  depending  on 
them  positions  and  the  known  nodal-antinodal  positions. 

The  XSW  experiments  were  performed  on  the  .set-up  which  is  installed  on  the 
beam  line  D2.‘iB  of  the  LURE  (  Or, say  France).  Two  .sols  of  experiments  were  eho.sen  ; 
one  with  CdTe(X)4  symmetrical  renection  (Oe.'^l  1  monochromator)  and  the  other  with 
CdTel  l.'l  inclined  rellection  (Si22()  monochromator).  We  find  the  MnTe  layers  to  be 
pseudomorphically  matched  to  the  CdTe  ho.st  crystal.  The  position  of  the  MnTe  atoms, 
the  crystalline  quality  and  .some  type  of  defects  have  been  accurately  determined  and 
will  be  mpoited. 


THE  INFLUENCE  OF  X-RAY  DIFFUSE  SCATTERING 
ON  THE  SECONDARY  PROCESSES  YIELD 

V . A . Bushuev 


;  I  t‘  L'r:  i  i  !.  y  ,  ;  I  a  I  L'fyi't:;:'  !  :r^r^y:  I 

If  P:>r,  y;  I.  ■.! 


Onr  :;l‘  U'lM  perspei? t, i v^--  methods  •  f  iiivestigat iL'in  of 

tho  ■!  1  s  tu.!.'V'ed  si.irM'.’ioi;’  l.'iy>;r  s.  t.ru'itiK’':^  if--.  :<-ray  high 
r’ff'i  luti'iM  d  1  !'f  i,/n  with  simultaneous  regis.  tration  of 
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ende 
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-■>f  HP  i 

is 
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sv-ridany  prou'essos  iSP) 
The  i.ri  ten;'-i  ty  'U’  OH  is 
t  oi  I;  a  I  X  -  nay  f  1  e  L  >  1 .  T  h  e 
i.>n  tii<  -  asBuiiipt  ton  o.  f 


ooirnp  I  e  to  1  y 


lioherent  .seat  tei'ing.  'ITie  presen''!H  of  strue.tux'e 


def'U.'ts  is  taken  into  aoeount  by  introduoing  t)ie  static 
Dehye-Wal  ler  fa'Xtor  f  only.  However'  it  1.s  weil-krrown  that 
■iefeetB  give  rise  to  a  diffuse  oo)rnp'.>nent  of  the  scattering 
intensity.  The  d  if  fi'ai'.  tion  reflection  irurve  and  SF  yieid 


ai-'o  t.he  sums  oif  .n.-ilierent  and  diffuse  oompononts. 

in  '.no  pi’esent  report  the  stat  i5rtir!al  rtyn.amio  theory  of 
■'.1  i  f  f  rav' t  i  <jn  i  .s  used  to  itis.cuss  the  influence  'xf  defects  in 


■r  'j  i tui’Ped  orys  tal  rcn-fae.i'  layer  ■ 'U  the  angular’ 

■1  i  f;  Ij’ i  bu  t  i '.CIS  '  r  oi  .[ihU'i.'t;  t  ari't  ino'  h‘'rent.  (diffuse) 
S''at  t'-ririi',  and,  ti  '!r:  angular  d-p>-iid'-n''M  .>f  dP  yield.  The 
fi'l  I  -w  i  !!..■'  f  ri;  ^p,..  inf,.  a'‘e.,nint,:  1  !  I.hf  dlffusi:' 

abtou'p  t  i  rci  'd'  ''I  'h'.'rent  f  i -■ !  ds ,  >  tlr.i  dl’,  whi'di  are 

generated  by  tiie  i.liffuse  Si.'attered  Quant.a,  i)  tire  rmrltipie 
inci.lrerent  reS' 'a !,  t' ■!' i  ng  'd'  diffuse  seattered  intensity 
‘  se','' -nd-ajp/  ex  t  i  ri'r  t  i eii  ; .  dal cuiat  ions  ar'e  made  for  a 
d  i  .'.ti.ii'bi 'd  i-iyer  with  a  oi.nstant  latr.iire  deroiTTiation  .and 
r'-tn'.i'.'mly  .‘'treias  defonnation  i.u'  statistlc.al  ly  dr  str’i  bated 
rni '.’r- ’lie  ffc wj  til  variatii’n  within  .a  wide  limits  of  static 
factor  f  I  f  ri ’in  1  t':r  r'),  Kato  i.rorrelation  length,  lattice 
defi- rmatji’fi,  erystal  and  disturbed  Layer  thi'.rknesses . 
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gi  AN  riTATIVK  (  II AR AC  1‘KRIZA TION  Ol-  (  RVS TALS  FOR  X-RAY 

S1>K(  TROSCOPV 


\V.  Z.  Clianj:.  (i.  Hul/.cr,  ().  Wfhrhan,  .1.  Heiiiisch  and  K.  I'drster 

MdA  Pliim  k  Ai  hi  il\i;i  iijipi  an  <lt  i  l-rinlrii  h-Si  fullci  I hiivi  i.siUU  Ji’tia. 

\fiiA  I.  P-il774.^  .Iriiti. 

In  tliL-  ln.-kl.s  ul  \-r;iy  .spociroscopY  and  x-ray  plasma  diaj;niislics,  cliaiactL-ri/alion 
I'l  llai  and  hont  crystals  omployod  as  an  optical  element  in  Hragy  optics  is  neeiieil  to 
accurately  interpret  measured  spectrum.  In  particular,  in  the  lelalive  soft  x  iay  ranye. 
c.e.  a-0.2-()  S  nm.  which  is  important  lot  spectroscopic  analysis  in  plasma  diagnostics, 
lusion  studies,  and  dispersive  liXAl  S.  the  integrated  ivneciuity  data  ol  both  Hat  and 
bent  ci  ystals  base  bithcito  licit  been  tiuantitatively  evaluated 

based  upon  the  x  r.iy  kinematic  and  dynamic  dHTraction  theories,  the  micuratcd 
reriectivitics  ol  numeious  crystals,  namely.  Ouart/.  IMi  1'.  ADI’.  InSb.  R.AP.  RAP,  and 
OHM  have  been  calculated,  and  anaiy/ed  by  takinji  into  account  the  elTecis  ol'  the  x-ray 
wavelength,  the  bendiiija  ladius.  and  the  crystal  peiiection. 

Mie  mtegrtited  rcl'lectivity  measurements  of  those  crystals  have  beett  perlormed 
,it  BliSSY  KMC  beam  line  with  a  triple  axis  dinVactometer  |  1 1  and  tit  out  laboratory 
svith  a  dispersive  achromatic  conlipuration  |2|.  and  with  a  hybrid  monochromator  which 
proviiles  both  hieh  enerpy  and  aiipular  resolutions  l.A|.  The  ttpreemem  between  the 
calculations  and  the  e.xperimental  results  is  .satislactory.  In  particular,  the  iiinuenccs  of 
the  crsstal  bendinp  peiiection  on  bent  crystals,  wiiich  are  revealed  by  usinp  x-ray 
lopopraphic  lechnii.|ue.  ,ue  demonsiraterl.  and  are  in  accordance  with  correspondiiip 
theoretical  c.ilculations. 

Relciences 

I  1 1  .1.  iieimsch.  i  i  u/  .  I51,SS^'  .Annual  Report  IdP.C  462. 

|21  1.  I  schmann.  i-r  (// .  .1  Appl  (iyst  .  26.  1W3.  4().S. 

I  W  /  Chanp.  I  '.  Chukhovskii  and  R  Roister.  SPIIi'P4  Proceedinps,  1PP4,  in  press. 


3-DIMKNSIONAL  DISTRIBUTION  OF  THK  CKYSTAU  ORIKNTATION 
IN  AN  IRON-37r  SILICON  ALLOY  SINC.LK  CRYSTAL  SULK  I 
OBSKRVKD  BY  X  RAY  ORIKNTATION  TOPOGRAPHY 

Yoshinori  Chikaiirii  and  Yoshiriimi  Su/.uki 

Di'parrnent  of  I'hysn  .s,  Faculty  of  Fiit>iiii'criu^.  Kvusfiu  Institute  of  Tt'cliiiolony. 
Scnsui-clu)  I -! ,  Tohata-ku,  Kitakyusliu,  SI )4  Japan 

<Aim>  In  ul^st-n  ing  an  Iron-.TfSilioin  alloy  single  crystal  shed  hv  \-iay  scattering 
to|xrgraphy  (microbeam  scanning  type  apparatus)!  1 ).  we  recognized  some  dilTercnccs  ol 
the  surface  reriection  image  from  the  iransmillcd  one.  It  impli' s  a  structure  disii  ilnitioii 
along  the  depth  even  in  a  sheet  as  thin  as  11.2  mm.  Thus  we  have  mavlc  .^-vlimcnsional 
distribution  of  the  crystal  oi  ientation  insivic  a  single  crystal  plate  cut  Irmn  an  1  e  Si  tilloy 
sheet  having  (iOSS  structure.  I'hc  secondary  rccrvst;tllization  mechanism(2)  is  also 
discussed. 

<Melhods>  Wc  have  obtained  orientiilion  distribution  maps  on  the  { 1  lb)  surfticc  by 
the  X-ray  orientation  topography!.'')  after  slep-wisc  thinning  from  the  thickness  0.2  mm. 
The  X-ray  orienttition  tojrography  is  consisted  of  a  ime-a.sis  orientation  topography  aiul  a 
rcconstruction-iiKKle  orientation  tO(xrgr;iphy(4). 

<Kosiilts>  1 )  I'he  orieiUiition  varies  in  an  angular  rtmgc  of  about  22  minutes  in  every 
layer.  2)Almost  half  of  the  orientations  are  secir  vs  ithin  2  minutes  in  every  layer  .')  The 
orientation  chtinges  rapiilly  netir  the  grain  boundary  in  every  layer.  4)  The  irrientation 
changes  rapidly  in  the  vicinity  ol  the  both  smlaces.  .s)A  lew  smtdl  subgrains  are  found  ;tt 
limitcil  locations  insivlethe  sheet.  ())1  rom  these  .'-dimensional  observ tition  we  couki 
estimate  a  grow  th  mechanism  of  the  secondary  recrystallized  GOSS  structure. 

( 1  )Y.  Chikaiira,  Y.  Yoneda  and  Ci.  Hiklcbrandt.  J.  Appl.  Cryst.  15(ldH2)4S 

(2) Y.  Ushigami,  Y.  Suga,  K.  Kawasiiki  and  Y.  Chikaura.  J.  Mater.  Lng.  1.'  (Ibbl)  1 13 

(3) Y.  C'hikaura  and  Y.  Takata.  Jpn.  J.  Appl.  Phys.  2^  (Ibbb)  L37K 

(4) Y.  Chikaura  and  Y.  Suzuki,  J.  Appl,  Cryst.  2(>  { 1W3)  21b 
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THE  CONTRAST  OF  GROWTH  LAYERS  IN  Ge-Si  CRYSTALS  BY 

X-RAY  T01>0(;RArHY 

Roman  CHIRU.A  ,  Zoltan  CSIKI 

POLYTECHNICAL  INSTITUTE  OF  BUCHAREST,  PHYSICS  DEPARTMENT  - 
ROMANIA 

GAMMA  FACTORY  OF  BUDAPEST  -  HUNGARY 


ABSTRACT 

In  the  present  paper  the  growtit  layers  of  Ge-Si  crystals  are  investigated  by  X  lay 
topography,  Lang  method,  using  MoK„  (0,707  X)  and  AgK^,  (0,559  A)  on  the  (1 1  ll. 
(220),  (422)  reflection  planes. The  crystals  have  been  obtained  by  Czochralsky  inetliud 
in  [111]  growth  direction  having  a  variable  Si -impurities  concentration  -  0,25  to  4 
atomic  percentage  The  rotation  velocity  has  been  30  lot/nhii  to  100  rot/min.  Using  the 
results  of  the  dynamical  X-ray  diffraction  theory,  the  studied  crystals  exhibits  black  and 
white  bands  which  arc  crystalline  regions  with  opposite  curvatures. The  width  of  the 
growth  layers  is  depending  of  the  rotation  velocity;  tJieir  contrast  has  a  dynamical 
character.Thcrc  are  discussed,  also,  the  contributions  to  die  total  lattice  deformation 
given  by  bending  distortion  and  the  lattice  spacing  change,  according  the  Kato’s 
tlieory.A  low  order  reflection  planes  leads  to  a  better  resolution  and  the  width  of  die 
growth  layers  is  larger  when  a  longer  wavclengtli  is  used.  It  is  pointed  out,  also,  the 
manner  in  which  the  contrast  of  the  growth  layers  obtained  by  X-ray  topography  arises 
from  a  different  scattered  intensity  by  the  distorted  lattice,  being  mainly  determined  by 
the  amount  of  migration  of  the  tie  points  on  the  dispersion  surface  branch. 
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I’.D.Wann.  ^  .I'.Siuij;.  and  {  .M.Snl«)iiia>'tr  I  nrres 

XillUH'li  i'lronii  '  Rf\iiir(li  CinUi  Pi  juii  inh  nl  ft  l.h  i  liinui  \  ii'ull  .It  tiu  iii  I  i  iin\; 

I  iiivi  r\ii\  . t  ( '■  I ^  SI. I  I  A 

We  ha\  e  iii\  esiieaieJ  peiu^lk  .n  ravx  ol  ISO  itmu  ide  |  I  I0|  .m  k'lii.'vl  ( i,i  \-  \l  \s 
'I'.iiws  aiul  tlniN,  latiiK.ilei!  In  v'  I'eam  liihi'i.'ia|'l;\  aiul  SK  l.j/O;  ivakine  i''ii 
elchiiie.  in  means  el  reeipii'eal  spaee  mappini;  iisni!:  inpi-,  avis  \  i.i\  .!ii  1 1  at  n  in.i ;  \ 
(TAD).  1  mm  (tie  \-ia>  data  ilit'  laleial  peni'  heii'.  .a  niies  aiul  iN-k.  and  Hie  eu  li  tt.  pilis 
aie  eeii  aeled  a.s  well  as  tho  I'eema'iiee  i>l  small  siiam  piaiiiem  Inlei  mail,  mi  .il.i'ui  ih.- 
shape  ( help  111.  n  ullh.  mel  malign  el  the  side  nalK  a  .mil  shapi'  i  lemiiiem. .  a  ihe  n  lus 
wti.s  ebtaiiied  h>  eempaiTsen  el  ihe  nuips  a  ith  me.  diinensiemil  kmemalK  al  siniiilaiiens 
The  reeipt'oeal  space  maps  reseal  dial  tiller  the  l.ihneaii.'ii  preeess  the  in  plane  Lniiec' 
eon.siam  el  ihe  paliemed  nuiliilasei  stunple  dees  iioi  ehanee.  whereas  ihe  lauiee  ei'nsiani 
tilonp  the  prowih  direelien  sliahily  mcrea.ses  ler  the  niivs  and  even  mine  so  ler  ihe  dei.s. 

I'he  (iaAs/AIAs  ijuaiiuim  nire.s  and  dels  were  iv;ili/ed  hy  nane.sii  ueuirinp  a  d) 
period  AlAs-CuiA.s  imilli  iiuanium  well  iMQW')  prown  on  a  I  pm  OtiA.s  hulTer.  I'lie  s  nm 
ihiek  GaA.s  well.s  are  separaied  hy  12.<S  mii  AlA.s  hurricr.s  re.siillmp  in  a  leial  lhickne.s.s  ol' 
625  mil.  Wire  salelliies  aeeempanymp  nol  only  the  SLo  peak  hut  also  the  I'ir.si  order 
M(,)W'-peak  Sl.i  (tip  to  the  seeniul  order)  are  observed.  The  wire  period  delermined  I'roiii 
the  spaeinp  ol  the  saielliies  aleiip  the  lateral  c|x  direetiun  is  .M).^  nm.  In  an  eipiivaleni 
metisiirement  ler  the  del  array  saiellile.s  up  to  the  third  order  have  been  observed.  D, 
denotes  their  re.s(ieetive  order,  in  die  nietisinvments  die  samp.le  was  erienied  either  with 
1  I  l()|  diivetioii  or  widi  |  l()0|  perpeiulietilar  lo  the  diirraeiion  plane.  (  oiisetiuenily  die 
liiieral  periodieiiy  wiis  ehtmped  I’rem  did  nm  to  d)()-v2  nm  In  die  hniei  etin'  dies 
mereti.sed  period  iiuiiiiresis  iisell'  in  a  deeretise  ol  the  del  satellite  spaeinp  In  a  taeior  el' 
1/  \'2  .  The  tloi  peiiod  deiermiik'd  Ireni  die  disianee  eiThe  dm  s.uelliies  m  q,  direeiion  is 
'^lOnm  Irom  die  liisiease  and  did  nm  Irem  the  laiier 

An  .inlieipaied  elasHt  lekisaiieii  aiiei  lab'icalien  weidd  lesult  m  a  disre.ise  . U  die 
atertipc'  lailiee  eensiani  m  prenlli  dneciu.ii  .i||''’'W^  ll.iwavei  li..m  die  measinemenls 
lollons.  dial  ell  ihe  eeniiaiv.  ilu'  n.nii'siiuciiiied  Mt^W  is  evt'ii  meie  sii.niu'd  in  die 
pren  ill  dill' el  I  on  i  v|,  diii\  inni '  Ihe  shii  i  .1  die  /v'le  euK-i  n  ne  s.nelliU'  n  iin  ies|k\  i  ii  > 
Ihe  SI  1 1  pc' ak  el  ihe  misii  uc  iiii.  d  \1(.IW  ,  ,  .i  ..-spi  ..ids  n  ■  m  en'.ii  ■  ineiii  .  a  Horn 

5  (di )  A  in  die  K'Unelice  saiiij'le  I.,  s  m.e  \  ,ii  die  n  mn.  aiul  ie  S  i, '  1  \  ni  Ihe  dels  1  his 
elleei  is  mesi  pieb.ihk  due  n-  du  .nid.ioeii  ..|  die  VI  \s  iaveis  tinimp  ei  .illei  du'  v'lelimp 
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X-RAY  EXAMINATION  OF  SiC  MONOCRYSTALS 


Dressier,  L.,  Goetz,  K.,  Kraultlieh,  J. 


Friedrich -Schiller -llmver^itdl  Jena 

Phs'sikalisch-Asironomisch-Technikwissenschaftliche  Fakuliiit 
InsUtut  fiir  Optik  und  Quantenelektnmik 
Ma.\  Wien- Plat:  I 
P 0774 J  JENA 

Si(  nioiiitci ysials  grt'wii  by  thr  AcIk'soii  or  inoJirkvi  l.cly  iin-lhod  have  Ih'cii  cxaiiiinfil 
with  ditt'emit  X-ray  diltraetion  tcchniqties  Thesf  satnples  belongeii  lypieally  to  the 
hexagonal  polylyp  All  (Rain.sdcll  notation) 

The  tdllowing  properties  were  investigaterl: 

-  lattice  constants  c  and  a  with  the  DOND  metlnnl, 

•  lattice  detects  (bending,  det'ormation,  mosaicity)  by  measuring  the  rocking  cuivc  with 
one-  or  two-crystal  ditYractometers, 

-  defect  di.strihution  or  location  by  LANG  topography, 

-  dependence  of  double  retlections  t  Umweganregung)  on  degree  of  the  perfection, 
rite  most  important  result  is  that  the  lattice  e'onstants  change  only  very  little  between 
different  samples  and  measuring  points  on  a  given  sample  (with  lievialions  lowr  t  than 
10  ppm  for  the  lattice  constant  c).  At  the  same  time  however  the  other  diagnostic 
techniques  showed  a  greater  lattice  distortion.  In  the  X-ray  di.agnostics  of  SiC'  (e  g. 
lattice  relaxations,  stacking  taiilts),  the  weak  retlcctirms.  lorbidden  by  the  space  group 
(e  g.  00,.^)  or  netirly  forbidden  by  the  structure  (e,g.  t)0.4),  are  ptirticulary  importtmt. 
The  drnible  retlectnrn  effect  is  considered  in  this  conrteclirm. 

This  work  has  been  supported  by  the  Deut-sche  Forschungsgemeinschafi  (Sonder- 
forschungsbereich  1%.  project  COl). 


WHITE  BEAM  SYNCHROTRON  TOPOGRAPHIC  ANALYSIS  OF  MIJLTI- 
POLYTYPE  SiC  DEVICE  C0NFIGIJR/\T10NS 


Michael  Dudley,  Wei  Huang  and  Shaoping  Wang, 

Dept  of  Materials  Science  and  Engineering, 

State  University  of  New  York  at  Stony  Brook, 

Stony  Brook,  NY  11794-2275,  USA 

P.G.  Neudeck  and  J.A.  Powell, 

NASA  Lewis  Research  Center, 

21000  Brookpark  Road, 

MS  77-1, 

Cleveland,  Ohio  44135,  USA 
C.  Fazi, 

SLCHI)-NW-RF, 

U.S.  Army  Research  Laboratory, 

2800  Powder  Mill  Road, 

Adelphi,  Ml)  20783,  USA 

White  beam  synchrotron  topographic  analysis  of  SiC'  device  configurations  comprising 
various  polytypes  has  been  carried  out  The  devices,  pn  junctions  of  area  1  or  3mm2,  were 
fabricated  via  CVD  epilayer  growth  of  nominally  3C-  or  6H-Si('',  on  6H-SiC  substrates 
grown  by  either  the  Physical  Vapor  Transport  technique^  or  by  the  Lely  technique-^ 
Detailed  analysis  of  diffracted  intensities  from  the  different  device  areas  will  be  presented 
This  analysis  indicates  that  those  devices  which  were  nominally  3C  structure  also  had 
some  15R  structure  present  Depth  profiling,  utilizing  variable  penetration  depth,  grazing- 
incidence  geometries,  was  used  to  reveal  a  layer-type  configuration  in  these  mulli-polytypc 
epilayers  The  presence  of  "double  positioning  boundaries"  (dph's)*^  in  the  15R  layers  wa.s 
also  revealed  Superscrew  dislocations,  present  in  the  substiaies  grown  by  physical  vapoi 
transport,  were  invariably  observed  to  be  cleaily  replicated  in  the  (’ll  epilayers  but  in  most 
cases  not  in  the  3C/1?R  epilayers  (irowth  spirals  were  occasionallv  observed  in  the  (>11 
epilayers  at  the  outcrops  of  the  screw  dislocations  The  potential  implications  of  the 
observed  defect  structures  on  device  performance  will  be  discussed 
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WHITE  BEAM  SYNCHROTRON  TOPOGRAPHIC  STUDIES  OF 
DEFECT/GRAIN  BOUNDARY  INTERACTIONS  IN  LARGE-GRAIN, 
POLYCRYSTALLINE  ICE 


Michael  Dudley, 

Dept  of  Materials  Science  and  Engineering, 

State  University  of  New  York  at  Stony  llrook, 

Stony  Brook,  NY  11794-2275,  USA 

Ian  Baker  and  Fuping  Liu, 

Thayer  School  of  Engineering, 

Dartmouth  College, 

Hanover  NH  05  755,  USA 

Synchrotr()n  white  beam  X-ray  tupograpliy  has  boon  used  to  conduct  ///  situ,  low 
temperature  studies  of  defect/grain  boundary  interactions  in  large-grain,  polycrystallinc 
ice  The  generation  of  faulted  and  unfaulted  interstitial  dislocation  loops  as  a  function  of 
temperature  was  monitored  and  the  influence  of  grain  boundaries  on  the  distribution  of 
these  loops  was  investigated  Results  are  discussed  in  the  context  of  dilTusion  mobilities  on 
the  basal  plane  and  the  relative  orientation  between  the  basal  plane  and  the  grain  boundary 
plane.  Dislocation  generation  mechanisms  under  applied  compressive  stresses  were  also 
investigated  in  situ  using  a  specially-designed  compression  stage  Grain  boundaries  were 
found  to  act  both  as  etlcctive  sources  and  as  strong  obstacles  to  dislocation  motion 
Generally,  the  basal  slip  system  with  the  highest  Schmid  factor  was  found  to  be  the  most 
active  in  polycrystalline  ice  whereas  grain  boundary  orien*ation  relative  to  the  loading 
direction  seemed  unimportant  The  generality  of  these  observations  is  discussed 
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WHITE  BEAM  SYNCHROTRON  TOPOGRAPHIC  STUDIES  OF  DEFECTS  IN 

6II-SiC  SINGLE  CRYSTALS 


Michael  Dudley,  Shaoping  Wang  and  Wei  Huang, 

Dept  of  Materials  Science  and  Engineering, 

State  University  of  New  York  at  Stony  Brook, 

Stony  Brook,  NY  1 1 794-227 S,  USA 

White  beam  synchrotron  topography  studies  have  been  carried  out  on  6H-SiC  single 
crystals  grown  by  both  physical  vapor  transport  and  by  the  Lelj  method  In  the  crystals 
grown  by  physical  vapor  transport,  two  general  types  of  dislocation  were  observed,  long 
straight  screw  dislocations  with  Burgers  vector  equal  to  a  multiple  of  the  c  lattice 
parameter,  and  basal  plane  dislocations  with  Burgers  vector  1  /  <  1 120  >  Detailed 
mapping  of  misorientations  around  these  screw  dislocations  achieved  by  recording 
topographs  at  a  series  of  specimen-film  distances  is  presented.  The  contribution  of 
wavelength  dispersion  to  these  dislocations  images  is  discussed.  Optical  microscopy  and 
SEM  analysis  reveal  that  those  screw  dislocations  with  the  largest  Burgers  vectors  have 
hollow  cores  as  predicted  theoretically  by  Frank.*  In  addition,  when  these  dislocations 
emerge  on  surfaces  oriented  close  to  (0001)  growth  spirals^  can  be  clearly  observed. 
Those  spirals  associated  with  the  dislocations  exhibiting  hollow  cores  are  often  observed 
to  have  several  "spokes",  indicating  the  presence  of  a  closely  spaced  group  of  dislocations 
Single  "spoke"  spirals  are  also  observed  associated  with  dislocations  exhibiting  no 
discernible  hollow  core 

Observations  carried  out  in  various  diffraction  geometries  indicate  that  the  basal  plane 
dislocations  appear  to  emanate  from  the  superscrew  dislocations  A  possible  mechanism 
whereby  a  screw  dislocation  can  generate  a  dislocations  loop  with  an  orthogonal  Burgers 
vector  during  the  high  temperature  growth  process  will  he  presented 

Comparison  will  also  be  drawn  between  defect  structures  obseixed  m  epilayers  with  those 
in  the  underlying  substiates  Of  note  is  the  absence  of  basal  plane  dislocation  generation  in 
the  lower  temperature  epilayer  growth  piocess  1  his  obseisalion  is  discussed  In  the  light 
of  the  mechanism  for  basal  plane  dislocation  generation  in  ilie  high  temperature  bulk 
growth  process 


In  the  Lely  crystals  studied,  basal  plane  dislocations  with  Burgers  vector  1  / .'» •  I120> 
were  again  observed,  as  well  as  basal  plane  stacking  faults  stacking  faults,  with  associated 
partial  dislocations 
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A  NEUTRON  DOUBLE-CRYSTAL  DIFFRACTOMETER  WITH  A 
VARIABLE  ANGULAR  RESOLUTION 


F.  Eichhorn,  A.  Hempel,  and  P.  Reichel 

Hrsiar'ch  Center  llossrndorf  Inr.,  Institute  for  Ion  Beam  Physics  and  Malenals 
llesearch,  P.  0-  B-  51  01  19,  D  -  0ISI4  Dtx.sden,  Germany 

IL'ccritly  a  version  of  a  neutron  (ioiihle-crystal  diffractometer  with  a  variable  angular 
resolution  was  proposed  [1  ].  With  this  instrument  the  scattering  diagram  of  a  sample 
positioned  between  both  the  crystals  can  be  registered  as  a  whole  by  a  position 
sensitive  detector. 

Such  an  instrument  was  installetl  at  the  research  reactor  BER  II  at  the  Hahn  Meit.ner 
Institute  Rtulin  (Berlin  Ncutroi  Scattering  Center).  Fig.  1  shows  its  sclu’me. 


XiQtSnm 


v^flicol  sM 

Irryn 


^  .  v«rllCOl  Sill 

corrplili^y  OSynvTWlnc  COM  3nvn 

- ./sami 

/"tvmmtlie  Bnijg  caw 

owl  on  Mniil  wi  omkiw 

Fig.  1  Scheme  of  the  device  I'^ig.'i  Diffraction  pattern  from  a  holographic  grating 

for  second  crystal  bending  radii  a)  60.5  m, 
b)  30. d  m,  and  c)  13.4  m. 

riie  main  components  of  the  device  are  two  perfect  crystals  which  can  be  elastically 
bent  up  to  a  radius  of  10  m  with  an  axis  parallel  to  the  scattering  plane.  The  second 
(analyzer)  crystal  reflects  the  beam  only  in  the  case  that  its  net  planes  arc;  paralhd  to 
the  net  planes  of  the  first  crystal  within  an  accuracy  of  0.1  .seconds  of  arc.  Theri'ioif', 
the  bent  crystal  fulfills  the  Bragg  condition  only  at  a  small  part  of  its  length.  If 
a  sample  deflects  neutrons  (e.g.  by  small-angle  scattering,  diffraction  or  reflection) 
then  t  hes('  parts  of  the  beam  are  reflected  at  different  crvstal  places  deiiending  on 
I  h  e  scattering  angle.  I'he  intensity  distribution  is  registered  by  n  one-ciimensional 
position  sensitive  detector. 

It  is  possible  to  investigate  scatt<’red  neutron  intensity  in  the  angle  range  from  some 
seconds  of  arc  to  50  minutes  of  arc.  For  small-angle  scattering  it  means  a  Q  range 
from  MO'''  to  2- 10"'  nm“'. 

I  he  I'  ig.  2  dcmionstrates  the  function  id  t  he  device  for  diffraction  from  a  holographic 
(refractive  index)  gral  uig  if  the  angular  acceptance  is  controlled  by  choosing  the 
bending  radius. 

Ihis  project  is  supported  by  the  Bundesniinister  fi’ir  Forschuiig  und  Technologic 
through  the  grant  No.  03-F13H().S  (1002  -  05). 
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MEASUREMENTS  OF  THE  STATE  OF  POLARIZATION  IN  THE  FORWARD 

DIFFRACTED  BEAM 


Ch.  Eisenschmidt,  H.-R.  Hoche,  H.  HBfcr,  W.  Lcitciibergcr 

Martin-Luther-Vniversitat Halle-Wittenherg:  Fachhereich  Physik 
Friedemann-Bach-Platz  6;  D-06108  Halle/S. 

The  aim  of  the  experiment  is  to  realize  an  experimental  arrangement  for  producing 
elliptically  polarized  X-rays  in  the  straight  forward  path  way  in  LAUE  case.  /!/ 
Calculations  based  on  the  TAKAGl-equations  of  the  dynamical  theory  of  X-ray 
diffraction  111  predict  the  occurence  of  elliptically  or  circularly  polarized  radiation, 
respectively,  inside  narrow  regions  of  the  transmitted  and  the  reflected  beam  in  the 
LAUE-case 

By  coherent  excitation  of  the  a-  and  the  n-  component  of  the  dielectric  displacement 
vector  within  a  perfect  crystal,  it  is  possible  to  produce  a  circularly  polarized  beam  The 
vector  of  the  dielectrical  displacement  of  the  linearly  polarized  incident  beam  and  the 
diffraction  plane  inclines  an  angle  of  45". 

The  figure  shows  the  BORRMANN-fan  of  the  symmetrical  220-reflection  in  case  of  a 
spherical  incident  wave.  The  incident  wave  comes  into  the  crystal  through  a  fixed  narrow 
slit.  The  intensity  distribution  on  the  back  site  of  the  crystal  is  measured  by  scanning  a 
second  slit. 

To  analyze  the  state  of  polarization  of  the  forward  diffracted  beam  in  the  narrow 
scanning-slit  region  on  the  back  site  of  the  crystal,  the  integral  intensity  of  a  single  crystal 
BRAGG-reflection  of  20[i  -90°  has  to  be  measured  at  different  azimuthal  positions  of 
the  analyzer  realized  by  rotating  the  analysing  crystal  around  the  incident  beam. 
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Scheme  of  the  experimental  arrangement 
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ELECTRONIC  MEANS  OF  COMMUNICATION 


Y.  Epelboin 


Lahoratoire  de  Mineralogie-CrLstallographie,  URA009,  CNRS, 
Universite  P.M.  Curie,  Case  115,  75252  Paris  Cedcx  05,  France 


New  tools  are  row  available  which  allow  fast  communication  and  dissiinination  of 
information  between  scientists. 

The  International  Union  of  Crystallography  has  established  a  databa.se  of 
crystallographers  which  is  accessible  through  the  networks.  Very  soon  journals  will  be 
.sent  electronically.  Mo.st  synchrotron  facilities  have  now  in.stalled  the  newest 
hypermedia  hypertext  facility  WWW  (World  Wide  Web)  wnich  allows  from  any 
terminal  to  recover  an  information  as  text,  graphics,  image  and  to  print  it  Ux^ally.  As  a 
Community  the  scientists  working  in  High  Precision  Diffraction  and  Topography  will 
have  to  use  these  new  torils.  A  distribution  list  is  already  ready  for  use.  New  services 
may  be  installed  at  wish. 

This  poster  will  present  some  examples  of  the.se  new  facilities.  If  feasable,  so  me  simple 
demonstrations  will  be  shown. 
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HRXRD  INVESTIGATION  OF  THE  MAIN  FEATURES  OF  THE 
PROCESSES  OF  THE  EPITAXIAL  GROWTH  AND  DEFECTS 
GENERATION  IN  HETEROSTRIICTURES 


N.Faleev 

A.l  .loffc  r/nwiail-  let  finical  Insiiluic  (I'll),  I'oliickhnichcskayn  2f>,  St.l’clcrshurf^, 
l<)40j  'l.  luisSIA 

There  is  currently  an  extremely  strong  interest  in  advanced  electronic  structures  in 
the  investigation  of  processes  of  epitaxial  groivth  and  defect  generation  because  of 
their  great  influence  on  the  physical  properties  of  heterostructures  Clearly,  the 
physical  propcilics  of  heterostructures  arc  extremely  affected  by  dillerent  structural 
defects  The  existence  of  the  strong  correlation  between  the  growth  conditions  and 
crystal  perfection  of  heterostructures  is  the  main  reason  for  further  investigation  of 
these  processes  by  means  of  HRXRD  techniques,  which  are  elfcetive  non  destructive 
methods  foi  chaiacteiization  of  these  materials. 

The  interference  X-ray  diffraction  methou  |l.2]  which  has  an  extremely  high 
sensitivity  to  the  ciystal  pei lection  and  space  resolution  (up  to  one  monolayer  for 
definite  type  of  heterostructures  (,i])  and  diflcrentional  one  [dj  allow  to  determine  the 
structural  parameters  of  any  type  of  heterostructures  includitig  mullilayei  and  QVV 
ones,  allow  to  study  the  process  of  epitaxial  growth  including  ils  initial  stage  and  the 
processes  of  elastic  strain  relaxation  and  defects  generation 

The  results  of  our  investigations  of  lattice  matched  InCiaAsP  QW  grown  by  LPli 
and  lattice  strained  InGaAs  QW  Dl  I  grown  by  MOCVD  technique  ,show  the  existence 
of  strong  correlation  between  epitaxial  growth  conditions  and  the  process  of  defect 
generation.  Those  results  allow  to  suggest  the  qualitative  model  of  the  processes  of 
epitaxial  growth,  elastic  strain  relaxation  and  defect  generation  in  heterostmclures.  It 
was  shown  that  the  main  type  of  staictural  defects  in  heterostructures  arc  the  own 
growth  defects  The  main  rea.son  for  the  beginning  of  the  process  of  defect  creation  is 
an  appearence  of  elastic  strain  under  the  epitaxial  growth  This  is  a  result  of 
l)impcrfoct  growth  conditions  (for  lattice  matched  heterostructures).  which  leads  to 
the  appearence  of  the  stretched  elastically  strained  intermediate  layer  near  the  first 
interface  or  2)  lattice  mismatch  which  mitialK  exist  m  lattice  mismatched 
heterostructures 

PreliminaiA  investigations  of  mismatched  lieteiostiuctuics  giinvn  by  MOCVD 
technique  show  that  the  initial  stage  of  the  epitaxial  growth  alTects  strongly  on  the 
process  of  elastic  strain  relaxation  and  results  in  two  dilTerent  types  of  crv'stal  structure 
of  the  strained  lavers  It  was  also  shown  that  under  the  perfect  growth  conditions  the 
critical  thickness  ot  such  lay  ers  may  be  exceeded  three  to  live  times 

1  I.  I  apfer  and  K  Phiog,  Plu  s  Rev  li,  lv>S'>,  4«(  14).  p  OK()2 

2  N  N  I'alees  ,  1.  I  I  lak's.  I  K  Solomiri  et  al .  Phys  .Stat  Sol  (a).  120.  p  ,127 

.1  I.  Tapfer,  M  Ospcit  and  II  Kanel.  .1  .AppI  Phys  .  UWO,  67(.l),  p  1208 

4.  1  S  Argunoca  et  al  .  Inst  Phy  s  C'onf  Ser  No  1 17  Section  9,  p  6P0,  1091 . 
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A  NKVV  IN TKNSII' lED  CCD-CAMERA  FOR  X-RAY  APPI.ICATIONS 


H  Faiidricli,  R.  Kohler,  H.  Damerow 

Max  -FhuH'k  Aiheitsgruppe  ” Rdnti>etih(’Ufiun^  an  Schichtsystemen"  an  uer  Humholcit- 
Unlversiiiit  ru  Hnrliti,  Hausvo^teipla'z  S-7 ,  D~l()II7  Berlin,  Germany 

F.  Jeiiichen 

Fa.  Pro.Kcan  Gml>H,  Ohere  Bahnhofstr,  5-7,  DS2II0  Germering,  Germany 

Coini)ared  with  the  widely  used  method  of  recording  x-ray  images  as  i  pographs  on 
pliotographic  emulsion,  electronic  cameras  have  the  advantage  of  saving  the  wet  chemical 
process  of  film  development.  Moreover  the  digitized  data  are  immediately  available  for  image 
or  data  processing  purposes.  However,  the  resolution  of  an  electronic  camera  system  is  worse 
tliaii  that  of  film  material. 

I’he  camera  presented  here  uses  the  ’’indirect”  method:  x-ray  quanta  (8  keV)  arc  converted  to 
visible  light  in  a  phosphor  screen,  this  is  intensified  in  a  one-stage  microchannel  plate  image 
intensifier  and  detected  with  a  cooled  slow-scan  CCD  camera  with  a  Ik  x  Ik  chip  and 
(19  |im)‘  pixel  size.  I'he  camera  is  designed  to  gain  high  spatial  resolution.  The  optical  con¬ 
nections  consist  of  fibre  optics.  Taking  into  account  the  optical  transfer  one  CCD  pixel 
corresponds  to  (8.8  pm)^  on  the  phosphor  screen.  Furthermore,  the  detectio.i  of  single  x-ray 
quanta  is  iiUL'iided.  For  these  purposes  the  charge  which  is  generated  in  the  CCD  pixels  during 
exposure  is  not  accumulated  on  chip.  Instead  a  numerical  algorithm  for  the  digitized  data  will 
be  used  taking  advantage  of  the  fast  signal  processor  on  the  frame  grabber  board. 

'lechnical  infonnalion  about  the  camera  and  results  of  te.sts concerning  resolution  and  quantum 
efficiency  will  be  presented. 
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IN  SITU  X-RAY  INVKSnC  ATIONSOFTHE  lll(;il  TEMPERA  I  HRI. 
BEHAVIOUR  OF  SPRAINED  Si,  .Oe^/Si  AND  Si, ,(  ,/Si  HETEROSTRI  K HIRES 


G.  G.  E'ischer,  P.  Zauniseil 

Institute  oj  Semiconductor  Physics,  P.B  409,  15204  Frankfurt  (Oder),  Germany 

We  investigated  R'l'CVD-  and  MBE-grown  pseudoniorphic  Si|.^Ge^  (0  15'  \<0  35)  and  Si,. 
,C\(0.008<y  0.016)  thin  layer  on  Si(  100)  substrate  at  anneal  temperatures  up  to  1000  °C, 
To  measure  ni-situ  the  variation  of  the  epilayer  lattice  constant,  a  conventional  X-ray 
powder  diflfactometer  with  high  temperature  attachment  in  combination  with  a  liigli  power 
X-ray  generator  was  used.  Hie  measuiements  were  canied  out  by  successive  0/20-.scans  of 
the  Cu  K,  radiation  (400)-reflexion  during  post  growth  annealing,  with  a  time  rcsolu’-'n  of 
about  5  minutes.  From  the  decrease  of  the  angular  distance  between  sub.strate  and  layer 
reflexion,  the  strain  state  of  the  system  can  be  obtained,  fhe  results  given  by  thi.s  low 
resolution  powder  diflractometer  method  were  compared  ex-situ  with  high  resolution 
double  and  triple  crystal  diflractometer  measurements. 

In  the  compressive  strained  Si|.„Ge,/Si  system  we  could  observe  strain  relaxation  which  is 
explicable  by  the  introduction  of  misfit  dislocations  at  the  interface.  At  temperatures  about 
1000  °C  an  additional  effect,  the  interdifllision  of  Si  and  Ge  and  thus  the  decrease  of  the  Ge 
concentration  inside  the  layer,  enhances  the  relief  of  the  strain.  Both  eflects  were  separately 
mea.surable  by  successive  measurements  of  symmetneal  (400)-  and  asymmetrical  (311)- 
reflexion  during  isothcnnal  annealing,  and  the  difl'u.siun  coeflicient  was  determined  in  its 
dependence  on  the  Ge  content. 

On  the  other  side,  in  the  tensile  strained  Si,.,C\/.Si  heterostructures  at  temperatures  beyond 
SOO  ’C.  the  nucleatiop  and  difl'usion  controlled  growth  of  SiC  nanoci-\.stals  was  found  to  be 
the  dominant  mechanism  decreasing  the  amount  of  C  atoms  on  substitutional  sites  and  thus 
relieving  the  strain  in  the  layer.  Ibe  decrease  of  the  carbon  content  during  isothermal 
annealing  exhibited  exponential  behaviour,  with  a  time  constant  showing  an  Arrhenius-like 
temperature  dependence.  From  this  result,  we  determined  an  activation  energy 
corresponding  to  the  known  activation  energy  for  the  diffusion  of  substitutional  carbon  in 
silicon. 
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INVESTKJATION  OK  I  IIK  (  RVS!  Al.  Ql  \1.H  Y  OK  ItiAs/CJaAs 
HKTEROSTRl CTliRKS  IH  ll!(;i!  RK.SOKl  TION  \-RAV  l)IKKRA(  TIO\ 

L.  Kranccsio,  I*.  Kran/.osi 

MASPEC  C  N  K.  Inxtitule.  Vui  Cluiiwin  IS.A.  4MOO  Parma,  hah 

M. R.  Bruni,  M.(I.  Simeonc 

ICMAT-C  N  R  ln.\tiiuu\  Via  Salaria  Km  29.  Montcroumda.  0001’'  Roma.  Italy 

InAs  layers  have  been  grown  by  conventional  Molccii..ir  Hcani  Epitaxy  on  ((X)l )  oriented 
GaAs  substrates;  a  0.2  ^im  thick  GaAs  buffer  layer  was  always  interposed  iKtwccn  the 
substrate  and  the  helcrolaycr.  The  growth  temperature  Tg  was  varied  from  .^.SO  to  .SOO^C 
and  the  layer  Uiickness  ti  was  2  and  6  |im. 

The  crystalline  quality  of  the  specimens  have  been  investigated  by  a  high  resolution 
Philips  diffractometer  equipped  with  a  two-crystal  four-reflection  monochromator  (Gc. 
220);  the  Cu  Ka;  radiation  and  the  symmetric  004  reflection  were  used.  The  assumption 
was  made  that  the  full  width  at  half  maximum  (3  of  the  layer  Bragg  peak  is  detennined 
solely  by  threading  dislocations:  then  the  concentration  of  the  threading  dislocations  p  was 
calculated  by  the  expression  p=(p/3b)2,  where  b  is  the  length  of  the  Burgers  vector. 

It  has  been  found  that  p  strongly  decrea.ses  by  increasing  Tg.  The  values  P=492,  347, 
319,  275  arcsec  were  indeed  measured  for  2  pm  thick  layers  grown  at  Tg  =350,  400, 
450,  and  500°C.  Assuming  that  the  threading  dislocations  arc  of  60°  type,  their 
concentration  p  changes  from  about  3.5x10*^  to  1.1x10*  cm‘2  by  increasing  Tg  from  350 
to  500°C. 

A  strong  improvement  of  the  crystal  quality  has  been  observed  at  each  growth  temperature 
by  increasing  ti.  For  example,  al  Tg=350°C  the  values  P=492  and  268  arcsec 
(corresponding  to  p=3.5xl0*  and  1.0x10*  cm‘2)  were  calculated  for  ti=2  and  6  pm 
respectively,  whereas  at  Tg=500°C  the  values  P=275  and  154  arc.sec  (corresponding  to 
p=l.lxl0*  and  0.3x10*  cm'2)  were  measured. 

It  can  be  concluded  that  the  crystal  quality  of  the  InAs  heterolayers  improves  by  increasing 
the  growth  temperature,  possibly  due  to  the  enhanced  surface  mobility  of  In,  and  by 
increasing  the  layer  thickness  as  a  consequence  of  dislocation  recombination  and 
annichilation  mechanisms. 
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L.  Franccsiu,  F.  Frun/osi 

MASPEC-C  N  R.  Institute,  Via  Chiavari  IR/A.  4Ml)()  Parma.  Italy 

(i.  Landgrcn 

Royal  Institute  of  Technolof^y ,  S- 1642 1  Kista,  Sweden 

30  period  InGaAs/InP  nearly  lattice  matched  'iuperlattices  have  lv,*eii  grown  by  Metal 
Organic  Vapour  Phase  Epitaxy  on  (001).  Two  different  specimen  .series  were  prepared:  in 
the  first  the  InGaAs  well  thickness  was  kept  fixed  at  3  nm.  while  the  InP  barrier  thickness 
was  varied  from  15  'o  3  nin;  in  the  second  the  barrier  tlilekness  vsas  2.3  nm  and  the  well 
thickness  varied  from  9.2  to  2  nm. 

The  structural  properties  of  the  supcrlattices  have  been  investigated  by  high  resolution  X- 
ray  diffractometry  using  a  Philips  diffractometer  e()uipped  with  a  two-crystal  four- 
reflection  monochromator  (Ge,  220);  the  Cu  Kai  radiation  and  both  the  symmetric  004 
and  002  reflections  were  used.  The  first  reflection  pemiits  a  better  separation  between  0- 
order  and  substrate  peaks,  whereas  the  second  evidences  the  modulation  of  the  satellite 
peak  intensity  which  is  related  to  the  thickness  of  the  thinnest  layer  in  the  period.  The 
experimental  curves  were  fitted  using  a  computer  program  based  on  the  dynamical 
diffraction  theory. 

When  the  barrier  is  much  thicker  than  the  well  the  superlatticc  has  a  high  structural 
quality,  Only  the  presence  of  thin  intermediate  layers  has  been  assumed  in  order  to  fit  the 
experimental  data:  at  the  lower  interface  of  the  well  (i.e.  from  InP  to  InGaAs)  about  3 
monolayers  of  InGaAsP  have  been  introduced,  whereas  at  the  upper  interface  (i.e.  from 
InGaAs  to  InP)  about  4  monolayers  of  InAsP  has  been  considered.  The  structural  quality 
strongly  worsens  with  barrier  thickness  decreasing;  when  the  barrier  is  as  thin  us  4-5  nm, 
only  a  few  satellites  are  detectable,  their  shape  is  asymmetric  and  the  intensity  low. 

When  the  well  is  much  thicker  than  the  barrier  the  structural  quality  is  as  good  as  in  the 
reverse  case.  The  experimental  curve  could  not  be  fitted  in  a  satisfactory  way,  although 
the  period,  the  average  well  composition  and  the  well-to-barrier  thickness  ratio  were 
found  to  be  in  good  agreement  with  the  project  parameters.  The  quality  of  the  superlattices 
has  been  found  to  worsen  by  decreasing  the  well  thickness.  When  the  barrier  was  2.3  nm 
and  the  well  2.0  nm,  no  satellites  were  detectable. 
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iii(;ii.KKSoi.irnoN  x-ray  spkctroscopy  dsinc;  a  johann 

SPFX  TROMETER  IN  VERTK’AL  GEOMETRY 


M.  Fritsch.  T.  MiBalla.  (i.  Hciljtcr,  (>.  Renner*  and  E.  Forster 

Max  Flanrk  ArlH’iixf’ruppc  'Rmtficnoptik  '  an  der  I'rwdrich-Si  hiUct  IJmvvrsiUit  Jena. 
Majt  Wien-Flalz  I,  l)-()774.k  Jtna,  Cunnanv 


An  allctnaiivc  scIv.'mL'  (  I  ihc  Johann  spcctroinelci ,  winch  lakes  advanlagc  ol  ihc 
divergence  of  Uic  radiation  in  ihc  plane  perpendicular  to  ihc  plane  ol  incidence  1 1 1  is  used 
lor  x-ray  speciroscopy.  Compared  with  olher  well  known  lechniques  (lor  example 
single  crystal  or  iho  conventional  Johann  geometry),  it  provides  al  the  same  Lime  high 
spectral  resolution,  luminosity  and  l-D  spatial  resolution.  ’ITic  unique  leatuies  of  this 
instrument  are  used  I'or  two  purposes: 

1.  Excitation-energy  dependence  ol  X-ray  emission  line  shapes 

Recently,  high-prccLsion  measurements  of  spectral  line  shapes  of  x-ray  emission 
lines  using  single-  and  double-crystal -speeiroseopy  arc  published  1 2,3).  ITie  measured 
line-shape  was  interpreted  in  terras  of  an  empirical  Lorentzian  model  1 2 1,  respectively  on 
the  basis  of  Dirac-Fock-calculations  of  "spectator  hole"  transitions  13).  Experiments 
with  a  vertical  Johann  spcclomeler  at  the  monochromator  beamline  of  HASYLAB 
Hamburg  were  carried  out  to  show  the  influence  of  different  excitation  energies  near 
the  K-absorplion  edge  of  iron  on  the  spectral  line  shape  of  the  x-ray  lluoresccnce 
lines. 

2.  High-rcsolulion  spectroscopy  of  laser  produced  plasmas 

In  plasma  diagnostics  the  above  mentioned  properties  of  the  vertical  Johann 
geometry  arc  necessary  for  detailed  studies  of  plasma  parameters.  In  experiments  at  the 
Max-Planck  Institute  of  Quantum  optics  in  Garching  laser  pulses  were  focu.sed  to 
massive  KCl  targets  to  create  a  high  density  Cl  plasma.  The  Hca-group  of  He-  and 
Li-likc  iones  were  recorded  al  two  different  directions  of  observation  (nearly  parallel 
and  with  an  angle  of  45“  to  the  target  surface).  The  time  integrated  spatial  distribution 
of  the  main  plasma  parameters,  Doppler  shift  of  the  emission  lines,  gradients  of  the 
ion  velocity  and  opacity  effects  on  the  line  position  were  determined. 
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USING  OF  TOPOGRAMS  IN  LENSLKSS  X-RAY  OPTICS 


K.T.Ci.ihriolyan,  M.K.Balian 

Soliil  Sliiti  I'ln.-iKs  l)i  jxnhm  nt .  i'uittlhj  i>j  {‘hmir.-i.  )ini'in)  Sliili  I  ii  ( ri  r>il  i/.  Ah  cl: 
.\Iannu()i(in  /,  nAOjU.  Anuiiini 

III  I  li('  i(*|)orl  tlic  iJossiUilily  ol  usagf  ol  |)<‘rf«*ct  ciyslal  X-iay  toponraiiis  as  I'ociisiii^ 
optical  <'|(‘mciils  is  <'oiisi<l(’r('<l.  It  is  shown  that: 

(i) .  The  plane  wave-  toiiojfiain  of  a  crystal  with  exit  siirfai c  of  si)lierical  shape 
is  a  system  of  interh'ietuc'  frinjfes  coiin  ideni  with  l-'resnel  zoiu's.  The  zone  sizes  and 
their  (piaiitity  can  lie  varialile  o\'er  the  wide  ranf!,e  of  \,dnes  (h'lx'inlint;  on  X  rav 
wa\'('lengl h  and  crystal  type,  Sinh  a  topogram  may  he  used  as  zone  plate  fer  soft 
X-ray  radiation; 

(ii) .  I’sin^  the  section  topo)),i.im  ol  a  plane  paralhd  ciyslal  one  laii  olitain  a 
inagnifiecl  \isil)le  image'  ol  the  X-ray  source,  lo  do  this  tin'  thin  crystal  seciion 
toiiogratn  should  he  illiiminaled  hs  light  wave  whic  h  hc-ing  diirraclcd  hy  the  sy^iem 
of  |n  nd('llozmig  fringes  is  foe  nsec]  forming  ih**  \  ray  source  image-.  I  In'  foe  al  h'liglh, 
magnilical ion  and  image  diffiaction  si/c-s  arc-  c  iih  ula  -d. 
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XRD  CHARACTERIZATION  OF  IMPLANTATION 
DAMAGE  IN  InSb  REDUCED  BY  MAGNETIC  FIELD 

E.  Gfirtstein*,  Yu.  Kliaif^  and  V.  Richter* 

*  luft,  for  Appl.  Rr.Af.arc.h,  Br.n-Gurion  Univrr.tity, 

Beer  Slicva,  84110,  Israel 

^  Solid  Stal.f.  lunhtutr.,  Tvc.hnion,  Haifa  ,i200(),  Ii>rarl. 


Ion  iir plantation  plays  iinpoi  tant  role  in  tleviee  fal)ri(:ati(.ti  in  modern  semi 
<’oin)nctor  t('i‘linolo)ry.  Since  the  radiation  indnee<l  <lamage  ii.flnences  the  ('h’c- 
tronic  proixTties,  post  implantation  freatnn'nt  is  re<piin‘d  f<'  reniovi'  it.  It  lias 
tx’en  shown  recently  that  a  w<'ak  perniaiK'nt  magnetic  firdd  (I’MF)  could  rednci' 
sipiniHciintly  the  implantation  damatfe  in  Hya  nCdo  ■iT(  crystals[]).  Analo>!;ons 
<‘ffeet  has  been  observed  in  InSb  crystals  imphmbsl  with  In  atoms  at  320kev 
with  a  dose  1  ■  10*  'em  '  In  this  work  tin-  stnn'tnral  perh'ction  of  the  implanted 
layers  was  characterized  by  triple  axis  and  f'raziii)'  incidence  X  ray  diffraction 
carri«'<i  out  on  Philii>s  MRD  diffractom«’ter(2|.  The  t)  :  2(i  scans  for  samples 
implanted  in  magnetic  field  and  iti  the  al>,s«'nce  of  the  majijnetic  fi«-ld  in  comjrar- 
ison  with  the  pre  implanted  samph'  showed  tliat  the  stirfiua'  layer  und(‘r>!;oes  a 
lattice  expansion.  A  stnaller  amount  of  strain  res»dt<‘d  in  the  cast'  of  the  sam¬ 
ple  treated  in  PMF  The  coniirarison  of  the  rocking  curves  for  these  samph's 
also  siiowetl  the  shift  of  the  low  angle  side  of  the  Bragg  jx'ak  characteristic  of 
lattice  ex|)ansion  in  the  implanted  layer,  which  wjis  more  pronounced  in  the 
cjise  of  magnetic  field  absenct'.  However,  for  the  ,sanil)le  implanted  in  PMF, 
more  diffuse  intensity  is  observed  in  the  vicinity  of  the  Bragg  peak  implying 
increased  tendency  for  the  formation  of  i'xtenth'd  <iefe<'t.s  and/or  their  depth 
distribution  closet  to  the  surface  of  the  crystal.  Th«‘  swelling  of  the  implantt'*! 
stirftict'  layer  was  tdso  observ<'d  in  the  intensity  patterns  of  iisymmt'tric  reflec¬ 
tions  niefisure<l  from  a  number  of  jtliuu's  incline<l  to  the  stirfftce.  In  iiddition, 
rocking  curves  from  the  {224)  planes  ])er|x'iulicuhir  to  the  svnfiict'  were  mea¬ 
sured  under  inci<ient  aii'l  exit  grazing  aiigh*  conditions.  The  pi\t terns  showed 
feiiture.s  similar  to  the  ones  observed  in  normal  incich'nce.  The  scattering  is 
shifti'd  to  the  low  ringle  side  of  the  Bragg  peak  indicating  a  ])ositiv('  strain  of 
the  lattice  planes,  which  is  smaller  for  the  sam]>I<’  imi)lanted  in  PMF,  whih’  a 
higher  intensity  around  the  Bragg  peak  for  this  sample  points  to  a  larger  size 
of  the  defe<'ts  and/or  tln’ir  hx’alization  clo.s<'r  to  the  surfac<'.  Tin'  interprc'tation 
of  the  Rutherford  backscattering  channeling  sjx'ctra  iix'asured  on  these  samples 
supports  the  results  of  X  ray  diffiaction. 

[1]  Yu.  L.  Khait  au<l  V.  Richt<'r,  1993  .1.  Phys.  D:  Ap])l.  Phys.  2G,  1806 

|2]  E.  Gartstein,  in  pr<’paration 
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Residual  and  thermal  strain  investigation  of  ZnS  epitaxial  layers 
grown  on  [100]-GaAs  by  vapour  phase  epitaxy 


C.  Giannini.  C,  Gerardi  and  L.  Tapfer 

Centru  Nuzionale  Ricena  e  Sviluppo  Muti’iiali  fCNRSM).  S.S  Appia  Km  712.  1-72100  Brindisi. 
Italy 

T.  Peluso.  N.  Lovergine  and  L.  Vasanelli 

Dipurtimento  di  Scienza  dei  Materiali,  Universiid  and  Unitd  GNSM-INFM  di  Lecce,  Via  per 
Arnesano,  1-7^100  Italy 

In  this  work.  ZnS  epitaxial  layers  grown  by  chemical  vapour  epitaxy  on  |  lOOlnriented 
GaAs  substrates  are  investigated  by  x-ray  diffraction  and  secondary  ion  mass  spectrosct)py  (SIMS). 

The  residual  strain  status  of  the  as-tirown  samples  was  determined  by  high  resolution  double 
crystal  x-ray  diffraction  measurements.  Eleven  diffraction  curves  were  recorded  in  the  vicinity  of 
the  (400),  (422)  and  (531)  Bragg  rellections  in  different  diffraction  geometries  and  for  several 
azimuth  angles.  The  analysis  of  the  experimental  data  was  performed  by  using  a  general  model 
which  relates  the  angular  distances  between  diffraction  peaks  amt  strain  tensor  components  in  2nd- 
ordcr  approximation.  This  model  considers  the  lowest  crystallographic  symmetry  (triclinic)  for  the 
lattice  distortion  of  a  cubic  unit  cell.  Our  results  indicates  that  the  crystallographic  symmetry  of  the 
distorted  ZnS  unit  cell  is  orthorhombic  which  is  explained  by  an  anistropic  dislocation  density 
distribution  in  the  interface  plane. 

In  order  to  determine  the  strain  ct»ntribution  due  to  the  differences  in  the  thermal  expansion 
coefficients  between  ZnS  and  GaAs  (thermal  strain)  the  temperature  variaiitm  of  the  residual  strain 
was  measured  between  25  and  fi5()  T'  by  using  a  single  crystal  x-ray  diffracutmeter.  In  this  work, 
we  determine  experimentally  for  the  first  time  the  thermal  misfit  between  ZnS  and  GaAs  and  the 
ZnS  thermal  dilatation  coefficient. 

Finally,  the  chemical  composition  ttf  the  ZnS/GaAs  interface  for  the  as-nrown  and  the 
annealed  samples  was  measured  combining  triple  crystal  x-ray  diffraction  and  SIMS  techniques.  An 
interdiffused  layer  was  revealed  at  the  heterointerfacc  which  presence  was  found  to  be  not  related 
to  the  strain  relief  process,  but  it  is  pritbably  caused  by  the  intermixing  of  the  atoms  at  the  early 
stage  of  the  epitaxial  growth. 
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DIAMOND  PHASE  PLATES  FOK  X-RAY  POLARIMETRY  AT  THE  ESRF 

C.Giles^-K  C.Vt’ftifr^ ,  F.  de  licri^cvin^’'.  C.Mcili;ranin-K  G.Griihel^ ,  J.Goulon' 

[.European  Syncliroiron  Radiation  Facility,  BP  220.  .^8043  Grenoble  Cedex,  France. 
2!Laboraloire  tie  Crisiallographie,  CNRS.  BP  166  X.  38042  Grenoble  Cedex,  France. 
3.LaboraU)ire  de  Mindralogie  ei  Crisiallographie,  Universitds  Paris  6  el  7.  ca.se  115, 

4  place  Jussieu.  75252  Paris  Cedex  05.  France. 

Low  emiltance  third-generation  storage  rings,  like  the  ESRF,  provide  an  optimum 
condition  for  the  use  of  perfect  crystal  pha.se  plates  combined  with  planar  undulator 
.sources.  Their  low  angular  and  spatial  distributions  in  both  the  hori/ontal  and  vertical 
directions  are  suitable  to  an  exceilcnt  performance  of  diamond  crystals  a.s  quarter-wave 
plates  (QWP)  and  half-wave  plates  (IIWP).  Recent  experimcni.s  performed  at  ID  10 
(Troika  Bcamline)  at  the  ESRF  confirm  9‘)7<  and  977  efficiencies  of  diamond  pha.se 
plates  in  the  transformation  of  hori/.onial  linear  polari/alion  into  circular  polarization  and 
linear  polarization  in  the  vertical  plane  respectively.  Fuithennoiv,  the  succe.ssive  u.se  of 
two  QWr*  allowed  the  production  of  linear  polarization  in  any  desired  direction  and  the 
complete  characterization  of  the  polarization  state  of  a  circularly  polarized  beam  within 
17r.  The  diamond  plate  was  .set  in  an  asymmetric  Laue  transmission  geometry  at  9  keV, 
allowing  a  transmission  factor  of  0.4.  Preliminary  calculations  indicate  that  such  pha.se 
plates  witli  .suitable  thicknes.ses  could  be  efficiently  u.sed  in  the  energy  range  from  4  to  17 
keV. 
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CHARACTERIZATION  OF  MONOLAVERS  AND  MULTILAYERS  BY 
A  CONVENTIONAL  POWDER  DIFFRACTOMETER  WITH  SPECULAR 

REFLECTIVITY 


R.  Gilles,  G.  Will,  F.  Elf 

Mineralogisches  Institut,  VniversUai  Bonn 
Pnppelsdorfer  Schlofi,  531 IZ  Bonn,  Germany 


Thin  films  are  generally  analyzed  by  using  synchrotron  radiation  with  highly  collimated 
beams  or  line  focus  rotating  anode  X-rays  in  connection  with  channel  cut  mono¬ 
chromators.  Improvements  of  commercially  available  powder  diffractometers  permit 
today  to  perform  reflectometry  experiments  also  with  conventional  x-ray  radiation.  The 
great  advantage  is  the  easy  access  in  basically  every  laboratory.  The  investigations 
reported  here  have  been  performed  on  a  Siemens  D  5000  powder  diffractometer  with 
graphite  monochromatized  Cu-Ka  radiation.  Information  about  thickness,  density  and 
roughness  were  obtained  by  least-squares  refinement  methods  assuming  different 
models. 

We  will  report  on  the  analysis  of  a  500  A  Pt  monolayer  on  ?.  Si  (1 10)  substrate.  First 
results  revealed  a  deviation  between  observed  and  calculated  refiectivity  at  higher 
angles.  Assuming  a  thin  oxygen  surface  layer  (14  A)  on  Pt  led  to  a  complete  match  of 
both  curves.  Oxydation  of  the  top  layer  is  not  uncommon.  Furthermore  we  could 
demonstrate  that  a  misalignment  of  the  film  surface  of  ±0.2“  resulted  in  no  significant 
change  of  thickness  ( <  1  %).  of  density  (8%)  and  of  roughness  ( <  1  %)  calculated  from 
the  observed  data.  This  insensitivity  is  quite  surpri.sing  and  is  another  advantage  of 
such  an  experimental  setup.  In  a  second  example  the  dependence  of  layer-thickness 
from  sputtering  at  different  argon  pressures  will  be  shown  for  two  .^00  A  Pt  films. 

An  important  application  is  found  in  the  investigation  of  multilayers,  consisting  of  pairs 
of  bilayers.  Bragg  reflections  and  multiple  Kiessig  interference  fringes  can  be  observed 
in  X-ray  reflectometry  yielding  thickness,  density,  surface  roughness  and  especially 
diffusion.  As  an  example  we  will  discuss  a  Pt\Co  multilayer,  where  we  could  observe 
diffusion  of  Co  into  the  Pt-layer. 
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DIFFUSE  X-RAY  SCATTERING  FROM  MISFIT  DISLOCA  I  IONS  AT 
SEMICONDIK’TOR  HETEROINTERFACES 
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ABSTRACT 


X-ray  diffuse  scattering  in  (00!)  lnCiaAs/(AlCia)As  high  electron  mohilily 
transistor  structures  was  ohsei'ved  I'nr  structures  whose  InCiaAs  channel  thickness 
exceeded  the  critical  thickness.  The  diffuse  .scattering  was  determined  to  originate  with 
misfit  dislocations,  as  confimied  by  plan  view  transmi.ssion  electron  microscopy  (T1',M). 
Diffu.se  scattering  was  measured  using  triple  axis  x-ray  diffraction,  which  showed  that  the 
diffu.se  .scatter  was  .sensitive  to  the  density  and  direction  of  the  misfit  dislocations.  Using 
TEM  for  calibration,  we  determined  that  the  diffu.se  .scattered  intensity  is  directly 
proportional  to  the  dislocation  density.  For  samples  with  misfit  dislocations  along  only 

[Tio],  diffu.se  .scattering  was  confined  to  a  cry.stallographic  direction  which  was 

perpendicular  to  the  misfit  .segments,  but  for  samples  with  thicker  InGaAs  layers  -  and 
mi.sfit  .segments  in  both  <11()>  directions  •  diffu.sc  .scattering  existed  in  a  more  random 
distribution  around  the  reciprocal  lattice  point.  We  also  found  that  the  ob.sciA'ation  of 
directional  diffuse  .scattering  provided  a  more  sensitive  means  to  detect  misfit  segments 
than  other  comnumly  u.sed  techniijues.  The  pre.sence  of  an  orthogonal  array  of  misfit 
dislocations  impaired  device  peiformance,  but  the  he.st  device  performance  occurred  in 
the  samples  with  a  one  dimensivinal  anay  of  misfit  .segments,  demonstrating  that  this 
technique  is  u.seful  for  predicting  device  performance. 
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THE  DETECTION  OF  PRECIPITATES 
BY  X-RAY  TOPOGRAPHY 


Sandor  Gurban 

Research  Institute  for  Technical  Physics  of  HAS 
H-1325  Budapest  P.O.Box  76  Hungary 


Nowadays,  substrates  of  semiconductor  devices  are 
mostly  di slocation- f ree  single  crystal  slices  of  silicon, 
gallium  arsenide,  etc.,  but  nevertheless  they  may  contain 
precipitates.  Also  technological  processes  i.e.  doping  by 
adequate  atoms  followed  by  heat  treatment  may  result 
precipitates.  To  determine  whether  construction  or 
dilatation  happened  in  the  lattice  surrounding  the 
precipitates  is  essential  and  also  at  least  a  rough 
estimate  of  the  value  for  this  contraction  or  dilatation  is 
desirable . 


For  solving  this  problem  the  "method  of  exposure 
serie.s"  (MES)  was  used.  By  turning  the  well  oriented  sample 
around  its  vertical  axis  by  series  of  adequate  angles  and 
at  each  setting,  a  topograph  was  recorded  to  the  same  film. 
From  the  intensity  values  diffracted  at  each  position  by 
the  substrate  its  rocking-curve  can  be  derived  (see 
figure)  . 

Comparing  the  pictures,  where  the  precipitates  reflecting 
with  maximum  intensity  to  those  pictures,  where  their 
enviroment  (substrate)  are  in  ideal  reflecting  position 
angles,  it's  possible  to  decide  whether  the  faults  cause 
local  contraction  or  dilatation  in  the  lattice.  Getting  to 
a  better  estimation,  this  procedure  must  be  done  repeatedly 
for  reflections  of  medium  intensity. 

In  reality,  the  situation  is  more  complex,  the  sample  has 
some  curvature  and/or  contains  growth  circles,  causing  an 
intensity  fluctuation  between  different  regions  of  the 
topographs . 


Intensity  (measured  by  photodensitometer) 
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As  an  example  we 
have  investigated 

the  precipitates 

created  in  a  (100) 
silicon  slice  by 
doped  with  B  (10^®- 
lO’^/cm^)  lying  in  a 
1  ^m  thick  surface 
layer.  Due  to  the 
curvature  of  sample 
in  different  regions 
the  precipitates 

appear  as  dark 
spots,  light  spots 
or  partly  dark  and 
light  spots. 
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MEASUREMENT  OF  INTERFACE  ROUGHNESS  IN  A 
SUPERLATI  ICE  OF  DELTA-BARRIERS  OF  ALUMINIUM  IN  GaAs 
USING  HIGH-RESOLUTION  X-RAY  DIFFRACTOMETRY 


L.  Hart,  P.F.  Fewster^  M.J.  Ashwin,  M.R.  Fahy  and  R.C.  Newman 

Interdisciplinary  Research  Centre  for  Semiconductor  Materials,  Imperial  College, 
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^Philips  Research  Laboratories,  Cross  Oak  Lane,  Redhill  RHI  5HA,  UK 

Delta-doping,  or  the  confinement  of  dopants  to  a  single  atomic  plane,  has  useful 
applications  for  electronic  devices.  A  study  of  Si  6-doping  in  GaAs  has  shown  that  if 
the  growth  temperature  is  low  to  prevent  diffusion  and  surface  segregation,  and  the 
arsenic  flux  is  maintained  during  deposition  so  that  dopant  atoms  are  located  on  Ga  sites 
only,  then  it  is  possible  to  confine  the  dopant  atoms  to  a  single  atomic  layer,  with  a 
spread  of  no  more  than  I'/i  monolayers  (ML)‘.  However,  once  the  Si  coverage  reaches 
'A  ML,  there  is  a  loss  of  electrical  conductivity,  implying  that  there  arc  local  distortions 
of  the  lattice  sites  and/or  changes  in  the  charge  state  of  Uic  Si  in  the  5-layers^.  In  an 
attempt  to  understand  this,  a  comparison  has  now  been  made  with  A1  6-barriers  since 
Al,  unlike  Si  does  not  have  the  complications  of  amphoteric  behaviour  and  bistability 
in  lattice  location. 

Molecular  beam  epitaxy  was  used  to  grow  superlatticc  structures  on  (001)  GaAs 
sub.stratcs  at  400°C  with  the  arsenic  flux  maintained  during  deposition  of  aluminium. 
Samples  consisted  of  20  to  100  6-layers  of  1.0,  O.S  and  0.1  ML  of  alunninium,  each 
separated  by  SOOA  GaAs.  A  Philips  high-resolution,  triple-axis  diffractometer  with  a  4- 
reflection  Ge  220  monochromator  and  a  2-reflection  Ge  220  analyser  was  used  to  map 
reciprocal  space  close  to  the  002  Bragg  reflection.  Information  obtainable  by  high- 
resolution  x-ray  diffractometry  includes  the  total  aluminium  concentration,  average  layer 
thicknes.ses,  variation  in  superlattice  period,  spreading  of  5-laycrs  perpendicular  to  the 
surface  and  interface  shape  parallel  to  the  surface.  The  superlatticc  period  is  determined 
from  the  spacing  of  satellite  peaks  visible  on  either  side  of  the  average  layer  peak. 
Variations  in  the  period  cause  broadening  of  the  satellites  while  interface  grading 
changes  their  integrated  intensities. 

For  Al  in  GaAs,  the  structure  factor  sensitive  (X)2  reflection  gave  the  most  highly  visible 
satellites.  In  one  sample,  more  than  30  satellite  peaks  were  visible  on  either  side  of  the 
main  Bragg  peak.  Comparison  with  dynamical  simulations  resulted  in  best-fit  models 
for  the  structures  of  1.4,  0.7  and  0.25  ML  of  AlAs  and  472A  GaAs,  with  a  2%  period 
variation.  Simulations  also  showed  that  there  was  no  spreading  (interface  grading  or 
roughness)  beyond  2ML  (bA).  In  conclusion,  high-resolution  x-ray  diffractometry  can 
be  used  to  characterise  superlattice  structures  with  6-layers  less  than  2ML  in  thickness. 
The  Al  6-barriers  behaved  as  expected,  showing  that  in  Si  6-doping,  some  change  must 
occur  in  the  charge  state  and/or  local  lattice  distortion  which  does  not  occur  for  Al. 

‘L.  Hart  et  al,  Appl.  Phys.  Lett.  62  2218  (1993) 

^M.J.  Ashwin  et  aJ,  J.  Appl.  Phys.  73  633  (1993) 
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Reciprocal  space  mapping  is  a  powerful  method  for  the  detailed  structural  char¬ 
acterization  of  even  nonperfect  crystalline  layers.  This  will  be  demonstrated  on 
the  example  of  epitaxially  grown  II- VI  heterostructures.  Thereby  especial  atten¬ 
tion  will  be  attached  to  the  model  of  the  relaxation  line.  It  describes  the  effect  of 
the  elastic  strain  and  its  relaxation  in  an  epitaxial  layer  on  the  distributions  of  the 
scattered  intensity  in  reciprocal  space.  This  effect  can  be  a  shift  of  the  maximum 
oi/and  a  broadening  of  the  scattered  intensity  along  this  line  the  direction  of  which 
depends  on  the  elastic  constants  of  the  layer  material  and  on  the  order  of  the  Bragg 
reflection. 

Rocking  curves  and  the  reciprocal  space  maps  of  Bragg  reflections  performed 
in  symmetrical  scattering  geometry  ate  affected  in  a  similar  way  by  gradients  of 
the  relaxation  state  as  well  as  by  variations  of  the  chemical  composition.  However, 
for  reciprocal  space  maps  of  asymmetrical  Bragg  reflections  the  directions  of  the 
broadenings  caused  by  these  two  gradients  are  essentially  different.  Knowing  the 
direction  of  the  relaxation  line,  this  enables  one  to  distinguish  the  two  kinds  of 
gradients.  This  is  demonstrated  for  two  examples:  a  HgCdTe  layer  showing  a 
variable  Cd  content,  and  a  CdMnTe  layer  with  a  gradient  of  the  strain  state  the 
latter  has  been  proved  indirectly  by  photoluminescence. 

The  relaxation  line  is  useful  for  the  description  of  thermoelastic  strain  in  het¬ 
erostructures,  too.  This  strain  is  caused  by  different  linear  thermal  expansions  of  the 
layer  and  substrate  materials  during  cooling  down  a  heterostructure  from  growth 
to  characterization  temperature.  Thermal  induced  strain  states  have  been  sys¬ 
tematically  observed  for  HgSe  epilayers  on  ZnTe  buffers  on  GaAs(OOl)  substrates. 
Despite  of  the  low  HgSe  growth  temperatures  of  only  110°C,  the  thermoelastic 
strain  is  clearly  visible  in  this  epitaxial  system  due  to  the  large  differences  in  ther¬ 
mal  expansion  coefficients  of  the  materials  concerned.  The  effect  of  thermoelastic 
strain  can  be  influenced  by  varying  the  temperature  either  of  the  growth  or  of  the 
characterization  which  will  be  demonstrated. 
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NEW  X-RAY  REFRACTOGRAPHY  FOR  NONDESTRUCTIVE 
INVESTIGATION  OF  ADVANCED  MATERI\LS 
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Federal  Institute  of  Materials  Research  and  Testing 
(BAM-6.22),  D- 12200  Berlin 

X-ray  refractography  is  an  unconventional  x-ray  scattering  technique  which  has  been 
developed  and  applied  to  meet  the  actual  demand  for  improved  nondestructive 
characterization  of  high  performance  composites,  ceramics  and  other  low  density 
materials  and  components.  It  determines  the  amount  of  inner  surfaces  and  interfaces  of 
nanometer  dimensions  due  to  the  short  X-ray  wavelength  of  ~  0.1  nm.  We  can  measure 
the  pore  size  of  ceramics  without  de.stroying  the  structure  by  cutting  or  polishing  for 
micro.scopy  techniques, 

Scanning  refractometry  visualizes  the  projection  of  fibre  nanometei  debonding  at  21)  fim 
spatial  resolution.  It  performs  an  additional  sensitivity  to  fibre  orientation  and  has 
turned  out  to  be  tin  effective  text!  for  determining  interfaces  in  composites.  Mean  values 
of  the  fraction  of  debonded  fibres  ate  measured  to  1%  precision  within  a  .second,  This 
is  much  more  precise  and  fa.ster  than  any  mechanical  testing  could  be,  a  desirable 
situation  when  processing  is  to  be  optimised  or  deiicale  components  have  to  be 
evaluated.  The  method  requires  a  (commercial)  small  angle  x-ray  camera,  a  standard 
fine  structure  x-ray  generator,  X-ray  detector  and  computerized  manipulator.  X-ray 
refraction  can  be  undersUxid  by  analogy  to  the  veil  known  refraction  of  visible  light 
which  is  governed  by  Snell's  law.  It  has  not  been  exploited  so  far  in  material  .science. 

Scanning  a  sample  in  the  X-ray  beam  and  detecting  the  refracted  intensities  for  each 
position  under  a  fixed  .scattering  angle  of  typically  one  minute  of  arc  provides  the  data 
for  a  two-dimensional  computer  image  of  the  inner  .surface  distribution.  The  high 
.scattering  intensities  provide  the  possibility  of  high  scanning  speed  and  imaging  within 
several  minutes.  E.iamples  of  analytical  inve.stigations  and  nondestructive  inspections  by 
scanning  will  be  presented.  Applications  to  various  heterogeneous  materials  including 
CMC,  HT  superconductors,  monolithic  ceramics,  injection  moulding  composites, 
ferrofluids,  video  tapes,  filters,  paper,  x-ray  films  and  pigments  were  successful. 
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Precision  determination  of  lattice  constants  and 
Poisson  ratios  in  the  system  AlAs  -  GaAs 


N.  Herres'',  A.  Dommann^,  M.  Krieget^,  H.  Sigg3,  K.  Bachem\  K.  Kohler' 

'  Fraunhofer«lnstitut  fur  Angewandte  Festkorperphysik,  D-79108  Freiburg 

2  Neu-Technikum  Buchs,  CH-9470  Buchs 

3  Paul  Scherrer  Institut,  CH-8048  Zurich 

Using  Vegard's  rule  to  calculate  compositions  from  X-ray  results,  knowledge  of  the 
elastic  constants  and  the  lattice  parameter  of  AlAs  are  prerequisite  to  accurate 
evaluations.  In  order  to  resolve  discrepancies  in  the  literature  we  performed  X-ray 
diffraction  and  Brilliouin  scattering  experiments  on  a  series  of  AI^Gai.^As  films.  These 
films  with  nominal  Aluminum  compositions  of  20%,  40%,  70%  and  100%  and  thick¬ 
nesses  between  1  pm  and  10  pm  have  been  grown  on  3-inch  GaAs(OOI)  wafers  by 
MOCVD  and  MBE. 

Brilliouin  scattering  was  performed  with  a  plane  tandem  triple-pass  Fabry-Perot  inter¬ 
ferometer  modified  to  operate  in  the  near  infrared  where  the  low  optical  absorption 
allows  to  measure  bulk  properties.  Using  three  different  light-scattering  geometries  it 
was  possible  to  obtain  all  three  elastic  constants  for  each  sample  and  therefore 
determine  the  Poisson  ratios  to  a  high  precision. 

X-ray  diffraction  measurements  were  performed  using  a  high  resolution  diffractometer 
equipped  with  accurate  angle  reading  (<1")  and  a  full  circle  Eulerian  craddle.  The 
measurement  procedure  is  based  on  the  Bond  technique,  it  comprises  measurements 
within  several  angular  ranges  belonging  to  reflections  of  one  crystallographic  zone. 
Since  the  zone  axis  is  set  closely  parallel  to  the  fi-axis  prior  to  the  measurements,  no 
readjustment  of  the  sample  orientation  is  required,  when  moving  from  one  reflection 
range  to  the  next  within  a  given  zone.  For  each  sample  several  zones  have  been 
measured.  Care  has  been  taken  to  minimize  known  sources  of  systematic  errors 
(wavelength  calibration,  temperature  stability,  refraction  corrections).  Using  symmetric 
(004,  006)  and  asymmetric  (115,  224,  206)  reflections  the  tetragonal  metrices  of 
elastically  strained  GaAs  substrates  and  AIGaAs  films  have  been  determined  with  good 
accuracy. 

We  will  present  a  new  fundamental  equation  relating  X-ray  data  (peak  splitting)  to 
composition,  compare  our  results  with  literature  data,  discuss  sources  of  error  and 
detail  accuracies  when  performing  routine  X-ray  diffractometry  of  AI^Gai.^As  films  on 
QaAs(OOI)  substrates. 
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SIMULATION  OF  X-RAY  SECTION  TOPOGRAPH  IMAGES  OF  OXYGEN 

PRECIPITATES  IN  SILICON 


A.  J.  Holland*  and  B  K.  Tanner 

Department  of  Physics,  University  of  Durham,  South  Road,  Durham, 

DHl  3LE,  U.K. 

*  Now  at  Dareshi/ry  l.ahoratory,  Dareshiiry,  Warrinyton,  WA4  4AD,  U.K. 


As  a  result  of  heat  treatment  during  the  various  processing  stages  before  and  during 
device  fabrication,  oxygen  may  precipitate  out  in  otherwise  highly  perfect  silicon 
crystals.  Characterisation  and  control  of  the  distribution  of  these  defects  is  of  major 
interest  within  the  semiconductor  industry  X-ray  section  topography  is  a  highly 
appropriate  method  for  the  non-destructive  characterisation  of  such  defects  and  by  use 
of  simulation  techniques  based  on  the  solution  of  Takagi's  equations,  the  local  strain 
can  be  determined  by  matching  simulated  and  experimental  images 

We  have  extended  our  previous  studies  of  the  contrast  of  spherical  defects  by 
incorporation  of  the  effect  of  surface  relaxation.  The  critical  distance  from  the  surface 
at  which  these  effects  become  insignificant  varies  t.s  In  C,  where  C  is  the  deformation 
parameter  in  a  strain  field  of  the  form  u(r)  =  {C/r^}r. 

During  the  process  of  intrinsic  gettering,  a  high  density  of  precipitates  is  produced  in 
the  centre  of  a  silicon  wafer  with  defect-free  regions  extending  typically  30  pm  from 
the  surfaces,  into  which  devices  are  fabricated.  Section  topography  has  proved  to  be  a 
very  successful  technique  for  non-destructive  monitoring  of  the  depth  of  these  denuded 
zones.  In  experimental  section  topographs,  defect  images  often  appear  in  parts  of  the 
topograph  apparently  associated  with  the  denuded  zone.  However,  variable 
wavelength  double  axis  topography  failed  to  detect  such  denuded  zone  defects  [Ij.  We 
have  simulated  i  uages  produced  by  a  random  distribution  of  precipitates  in  the  central 
region  only  and  find  good  correspondence  with  experiment.  This  includes  the  presence 
of  images  in  the  margins  of  the  topograph.  Simulations  have  been  undertaken  to 
determine  the  defect  density  at  which  individual  precipitate  images  can  be  resolved.  As 
with  the  surface  relaxation  condition,  the  minimum  distance  at  which  two  precipitates 
can  be  individually  resolved  \  aries  as  hi  C 

[1]  P  J  Halfpenny,  G  S  Green  and  B  K  Tanner,  J  Phy,s  D  26  (1993)  A65-68 
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HIGH  RESOLUTION  X-RAY  TOPOGRAPHY  STUDY  OF  PERIODICALLY 
DOMAIN-INVERTED  NONLINEAR  OPTICAL  CRYSTALS 


Z.W.  HU’,^  ,  P.A.  Thomas*,  and  A.M.  Glazer^ 

^Department  of  Physics,  University  of  Warwick,  Coventry,  CV4  7AL,  UK 
^Clarendon  Laboratory,  University  of  Oxford,  Parks  Road,  Oxford,  OX  I  3PU.  UK 

Quasi-phase  matched  second-harmonic  generation  based  on  periodically  domain-inverted 
structures  has  received  great  attention  for  novel  applications  due  to  the  high  nonlinear 
conversion  efficiency  and  the  possibility  of  phase  matching  arbitrary  wavelengths. 
Techniques  to  fabricate  periodic  domain  inversion  in  LiNb03,  LiTaOj,  and  KTi0P04,  such 
as  proton  or  ion  exchange,  electric  field  poling,  and  electron  lithography,  have  been 
developed  rapidly.  However,  it  seems  that  the  periodically-poled  domain  structures  fabricated 
thus  far  have  not  been  well  understood.  This  lack  of  fundamental  understanding  will  probably 
affect  adversely  the  development  of  reliable  and  reproducible  periodic-poling  techniques. 
Therefore,  the  establishment  of  a  structural  and  microstructural  understanding  of  periodic- 
poling  of  domains  is  seen  to  be  of  considerable  importance  and  interest. 

Using  a  PHILIPS  X-ray  diffractometer,  we  have  applied  high  re.solution  X-ray  diffraction 
topography  combined  with  reciprocal  space  mapping  for  assessment  of  periodic  domain 
inversion  in  LiNbOj  and  KTi0P04  crystals.  In  particular,  X-ray  reflections,  which  are 
highly  sensitive  to  anomalous  scattering  and  strain,  respectively,  are  employed  for  mapping 
out  the  periodically  alternating  domains  and  domain  walls.  Some  interesting  results  will  be 
presented  and  discussed, 
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MICROFOCUS  DOUBLE  CRYSTAL  X-RAY  DIFFRACTOMETRY 
ON  III/V-HETEROSTRUCTURES  GROWN  BY  SELECTIVE  AREA  EPITAXY 


A.  Iberl.  M.  Schuster,  H.  Gobel,  B.  Baur,  R.  Matz 
A.  Snigirev*,  I.  Snigireva*,  A.  Freund*,  B.  Lengeler* 
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**  University  of  Ulm,  Dept,  of  Semirotuhctor  Physics,  D-89069  Ulm,  Germany 

Monolithic  Bragg-Fresnel  X-ray  optics  enable  a  monochromatization  and  simultaneous 
focusing  of  the  highly  collimated  synchrotron  radiation  beam  to  a  focus  of  micrometer 
dimension.  In  a  double  crystal  arrangement  rocking  curves  can  be  scanned  with  this  high 
spatial  resolution  which  allows  a  detailed  study  of  patterned  heteroepitaxial  structures. 

Our  microfocus  X-ray  diffraction  measurements  were  carried  out  at  the  optics  beamline 
of  the  ESRF  using  a  microfocus  double  crystal  dififactometer  in  (+n,  -m)  setting 
consisting  of  a  Si(l  1 1)  Bragg-Fresnel  lens  and  the  InP(OOI)  based  sample.  The  Si(1 1 1) 
Bragg  reflection  was  set  to  select  1 1 .6  keV  photons  from  the  white  X-ray  radiation 
provided  by  a  bending  magnet.  Perpendicular  to  the  dispersion  plane  of  the  Bragg 
reflection,  the  cylinder-lens-type  Fresnel  optics  focuses  a  100  pm  wide  beam  of  1 1.6  keV 
photons  to  a  line  focus  of  2  pm  width.  The  alignment  of  the  sample  pattern  relative  to 
the  X-ray  line  focus  was  performed  in  this  geometry  by  X-ray  topography  showing 
simultaneously  the  pattern  of  the  sample  and  the  position  of  the  line  focus. 

With  this  setup  IITA^-heterostructures  grown  by  different  selective  area  epitaxy 
techniques  (planar  and  embedded  selective  area  MOVPE  and  MOMBE)  were 
investigated  The  samples  were  test  structures  of  InGaAs  and  InGaAsP  layers  grown  on 
an  InP(OOl)  substrate  that  was  partially  masked  with  Si02  fields  and  laser/waveguide 
devices  laterally  integrated  on  an  InP(OOI)  wafer.  In  order  to  determine  the  lattice 
mismatch  close  to  the  boundaries  of  the  layer/oxide  and  the  laser/waveguide  boundary, 
rocking  curve  scans  with  micrometer  step  width  were  performed.  The  lattice  distortions 
of  the  IlIA'-heterostructures  show  changes  at  the  boundaries  in  the  range  of  5  pm  to  100 
pm  depending  on  the  selected  process. 
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observation  of  the  phase  contrast  from  non-crystalline 

OBJECTS  IN  THE  PLANE  WAVE  X-RAY  TOPOGRAPHY  SCHEME. 


V.N.Ingal,  E.A.Beliaevskaya 

X-ray  Laboratory,  Sl.Petarshurg,  Russia. 

The  plane  wave  scheme  (n,-n)  is  used  for  observation  and  investigation  of  micro 
defects  in  almost  perfect  monocrystJs.  The  contrast  from  the:-  defects  may  be  described  in 
terms  of  the  interference  between  a  spherical  wave  produced  by  a  crystal  defect  with  a 
primary  plane  wave  [1].  In  our  plane  wave  experiments  we  found  that  any  perturbations  had 
contributed  into  an  incident  wave  also  become  visible  after  diffraction  of  said  wave  in  a 
perfect  crystal,  This  phenomenon  was  discovered  in  1987  when  not  only  ordinary  contrast 
of  crystal  defects  was  registered  but  also  some  additional  contrast  due  to  textile  or  paper 
envelope  in  which  the  crystal  under  test  had  been  deposited  [2],  see  Fig.  1 

The  absorption  of  MoKqi 
radiation  in  these  envelopes  was  so 
small  that  it  could  not  explain  high 
contrast  images  on  a  photo-plate.  It 
also  was  stated  that  the  rocking  curve 
(RC)  became  wider  after  the  object 
deposition  into  an  incident  beam.  The 
last  crystal  in  this  new  scheme 
became  the  crystal-analyzer  (CA). 

The  systematic  investigations  of 
polymer  and  biological  objects, 
brought  into  the  double-  and  triple 
crystal  schemes,  discovered  the 
following  main  features; 

•  the  inner  structure  of  the  object  is  registered; 

•  the  image  contrast  exists  only  if  CA  is  within  its  RC  Only  the  absorption  contrast 
exists  out  of  the  RC, 

•  the  image  contrast  in  transmitted  and  diffracted  beams  is  almost  supplementary, 

•  the  image  contrast  depends  on  the  C A  tie  point  position, 

•  the  image  contrast  depended  on  the  plane  wave  coherence  length; 

•  the  image  contrast  was  registered  only  for  objects  sufficiently  transparent  for  radiation 
had  used 

The  wedge  shaped  monocrystal  was  used  as  CA  to  investigate  the  nature  of 
phenomenon.  The  changes  in  pendelloesung  contrast  confirmed  that  plane  wave  phase 
perturbations  are  the  reason  of  new  image.  So  the  new  contrast  was  named  the  phase- 
dispersion  contrast  and  the  method  of  structure  investigation  -  the  phase  dispersion 
introscopy  (PDl). 

1  V.L.Indenbom,  V  M  Kaganer.  phys  stat.sol.,  1985,  v.87a,  p.253. 

2.  Russion  application  N  4934958  ofMay  14  1991. 
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The  classical  Pcndelldsiuig  in  jiertect  suigle  cryslhls  was  studied  by  many  aulliors. 
Tlie  picinre  of  Fendcllosung  is  very  sensitive  in  resjvcl  of  the  value  H  of 
inliomogcneou.s  deformation  in  die  crystal  (1|  A  liigli-fTequency  acoustic  wave 
(AWT)  induces  transitions  Ix’twccii  Uie  sheets  of  a  dispersion  suifacc  (DSt.  The 
AW  violates  adiabatic  motion  of  the  representative  pcTint  on  the  sheels  ol  die  );)S 
and  sirongly  decreases  inleiisily  1  of  die  dilYracted  liemn  |2|  for  miall  AW  amplitude 
W  al  the  ilefoniiei/  crysial.  A  new  Pendellostmg  induced  liy  die  AW  at  die 
deformed  ciystiil  was  predicted  recently  [3],  Tliis  "Defonnatioiial  Peiidelldsung" 
(DP)  is  exeitetl  by  inlerferencc  lictweon  different  paths  of  die  representative  jxiiiit  at 
the  L)S  llie  first  patli  is  an  adiabatic  motion  tfom  jioint  1  to  4  at  the  same  sheet  of 
die  DS;  tlie  second  patli  is  absorption  of  tlic  AW  phonon  at  point  1,  an  inelastic 
transition  to  point  2  at  emolher  sheet  of  die  DS,  adiabatic  motion  along  diis 
odier  DS  sheet  up  to  jxiint  3,  emission  of  the  AW  phonons  and  transition  to 
jxMiit  4.  Therefore  the  decreasing  of  intensity  Al  of  the  diffracted  beam  has  the 
fonii  ( 1 1-veetoi  o)'  scAlleriiig) 

\l/h-2R(  1  -R)|  1  -cosa)],  1/B,  Rit  expl-(HW)2  /B  1. 

We  studied  ihe  elfecls  ol'  tlie  tnuisversal  AW  at  the  syiiiineincal  Lane 
ditYraclioii  al  die  deibnned  silicon  single  crystal  plate  for  die  case  of  X-ray 
(MoK,^  radiation,  (4'K)),(660),(S80'i  reficctious)  and  ncuUou  (>v  0.101  lun, 

(220))  seatleiing.  We  observed  die  dependence  Qi  -  1/33  Hie  (leriod  of  these 
oscillations  is  in  die  gcHxl  agrecnieut  with  theory  (especially  for  die  case  of  neutron 
cxticriinenls)  It  is  (xiintcd  out  also  dint  a  sucli  "Defomiational  Peiidelldsung"  must 
be  observed  as  well  for  the  case  of  the  Bragg  geometry  at  a  thick  crj'sla)  /Application 
of  die  DP  lor  die  case  of  X-ray  and  neutron  io)x>graphy  is  also  discussed 

1  M  Hart  /  Phvs  . 189,269  (1966i 

2  H.MIolm  ct  all.  /.h.l'ksp. Teor  l'i/..  94,  218  (l‘'88i. 

3  i;,M.h)lin.Picpriiil  I. API-102,  lii.sl  Pliys. Acnd.Sci.,  I.a»v.  SSK  (19871. 
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THE  INFLUENCE  OF  THE  HIGH  FREQUENCE 
ULTRASOUND  ON  THE  PARAMETERS  OF  DOUBLE¬ 
CRYSTAL  SPECTROMETERS 

E.Iolin,  E.Rjiitiiiui,  V.Gavrilov,  B.Kiivaldint  L.Riuevich  ^  , 

JiLAlexjuidrov,  E.Galinskii,  V.Emiakov,  A.Laskarev2  , 

MVrana,  P.Mikula,  P.Lukas,  L.Sedlakova^ 

1)  Inst.  Physical  Energetics,  Riga,  LV-1006,  Latvia 

2)  LNF,JI1^,141980  Dubna,  Russia 

3)  Nuclear  Physics  Inst.,  25068  Rez  near  Prague, Czechia 

The  reasonable  combination  of  high  resolution  witli  acceptable  intensity  I  of  the 
diffracted  radiations  is  the  one  of  the  problems  of  double  crystals  (DC) 
spectrometers  u.sing  (especially  for  the  case  of  neutrons  diffraction).  Recently  [1]  it 
wa.s  proposed  that  the  high  frequency  acoustic  waves  (AW)  excitations  with  the 
same  frequencies  and  similar  amphtudies  W  in  both  crystals-  inonoclironiator  and 
analyzer-lead  to  the  serious  simultaneous  improvement  of  the  angular  resolution  and 
peak  intensity .Ihe  mechanism  of  effect;  X-ray  or  neutron  absorbed  N»1  AW 
phonons  in  monochromator  and  resonantly  emitted  the  same  N  AW  phonons  in 
analyzer.  Tlierefore  we  studied  the  effects  of  the  AW  on  the  parameters  of  DC’ 
neutron  spectrometers.  The  experiments  concerning  AW  excitation  in  one  crystal- 
analyser-were  reahzed  in  Rez.  We  used  IX'  spectrometer  in  .symmetrical  Bragg 
(monochromator)-  Laue  (analyzer)  geometry.  The  thick  silicon  single  cryst^  plates 
(T=5.0mm)  were  used.  Wave-length  of  neutrons  X=0.177  nm,  reflection  (1,1,1),  the 
angular  step  -  0.02  sec.  Tlie  transversal  AW  frequecy  of  v=26.8  MHz  propagated 
in  plane  of  scattering  perpendicular  to  the  vector  of  scattering.  Without  the  AW 
FWHM  of  the  rocking  curve  (RC)  2 A©©  "1.94  sec,  that  is  m  agreement  with  theory. 
The  AW  excitations  transform  the  Ixirentz  form  of  the  RC  to  Gauss,  mcrease 
FWHM  1.63  times  and  an  area  of  RC  2.37  times.  These  results  are  described  by 
theory.  The  peak  of  the  uitensity  I  of  the  RC  arrives  to  saturation  and  increases  1 .65 
times,  that  is  dout  exceed  the  theoretical  limit  1.7  for  the  DC  Bragg-Laue  geometry. 
’Ihe  experiments  using  simultaneously  AW  excitabon  in  both  crystal  (Bragg-Bragg 
geometry)  were  realized  at  the  DC  DIFRAN  at  the  impulse  reactor  IBR'2.The 
silicon  single  crystal  plates  (T^.Omm)  were  used. 'Hie  transversal  AW  V--26..5 
MHz  and  V  26.8  MHz  (1,3  and  5  hamiomcs)  were  excited  by  LiNbC)^  converter 
and  propagated  perpendicular  to  the  plane  of  scattering.  In  all  cases  the  intensities  1 
growth  and  RC!  narrowing  were  observed.  For  example,  at  the  v^26.7.5  MHz 
uitensities  gam  was  9  3  lime  and  FWHM  decreased  from  3.4  sec  without  AW  to 
the  2.8  .sec  when  AW  was  turned  on.  The  background-to-peak  relation  mcreased  2 
tunes.  Some  details  of  these  very  strong  AW  effects  arc  not  coiuletely  understand. 
Their  mter|.7rctation  is  di.scus.sed. 

1. E.Iolin,  Pis'ma  Zli.Techn.Fiz,  15,  52  (1989). 
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EVALUATION  OF  INTERFACE  ROUGHNESS  BY 
GRAZING  INCIDENCE  X-RAY  DIFFRACTION 


B.  Jenichen*,  H.  Rhan^,  S.  Stepanov-\  M.  Ohler^,  R.  Kohler-' 

^ Paul-Drude-Institm,  Hausvo^leiplatz  5-7,  D- 1 01 17  Berlin,  Germany 
^LMil  Miinchen,  Seklion  Pliysik,  Geschwister-Scholl-Pkilz.  /, 

Miinchen,  Germany 

Max- Planck- AG  'Ron1}>enheaf>un}>  ‘  an  der  Humboldt-Universitdt. 

Haux\'Of{tei[)lai:.  5-7,  D-IOI 17  Berlin,  Germany 

AlAs/GaAs  supeilaltice  stiLictiires  grown  by  inolecuhir  licani  epitaxy  were  investi¬ 
gated  by  gr;i/.ing  incidence  X-ray  dilTraction  {(ilD).  The  siirlace  orientation  (d‘  the 
samples  was  near  ((X)l)  with  dilTerent  values  of  miscul  up  to  5  degrees  that  produced 
dil'fercnt  roughness  of  interlaces  in  supcrlattices,  The  triple  axis  dilTractometcr  ( 1  ]  at  the 
beamline  D4  of  HASYLAB  with  a  germanium  (111)  moncK-hromator  was  used  at  a 
wavelength  of  0.1336  nni.  Rodscans  ol'  220,220,2(X)  and  200  rellections  lor  dilTerent 
values  of  the  angle  of  incidence  were  measured. 

For  exit  angles  larger  then  the  critical  angle  the  curves  show  a  large  number  of  su¬ 
perstructure  peaks.  These  correspond  well  to  the  layer  periodicity  of  the  multi  quantum 
well  structures.  The  experimental  results  arc  compared  to  the  corresponding  dynamical 
computer  simulation  including  surface  and  interface  roughness  12).  From  the 
calculated  curves  corresponding  best  to  the  experimental  ones  an  interface  rr)Ughness 
up  to  2.3  nm  is  determined.  The  roughness  values  obtained  depend  on  the  orientation  of 
the  diffracting  planes  to  the  direction  of  the  maximal  miscut. 

T  he  results  obtained  are  compared  to  the  results  of  topography,  high  resolution 
diffractometry,  rellcctivity  measurements  and  measurements  of  diffuse  scattering  on  the 
same  samples. 

1 1 1 J.  Als-Nielsen,  page  18 1  in  Structure  and  Dynamics  of  Surfaces',  vol.  2, 

Fds.  W.  Schoinmers  and  P.  von  Blanckhagen,  Springer  1987 
12)  S.A.  Stepantw,  R.  Kohler,  submitted  for  publication  in  J.  Appl,  Phys. 
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(  URVAHI-K  COLLIMATOR  TOPOCRAPHY  USINIJ  1  UK  SYNCHROTRON 

SOURCK 


B.  Jenichcn*,  r.  Wroblewski-,  R.  Kohler' 

^ Paiil-Dnuh’-lnstinit,  Hdiisvoi^ti'ipldl:.  5-7.  I)-I0II7  Hcrlin.  (icniidny 
-HASYLAB  am  DBSY,  Noikesir.SS,  D-226()3  Hdmhury,,  (Jeniiany 
■^MdX-PIdfick-AC  'Rdiit^enhcu^idt^  '  d/i  Jcr  Humlxiklt-Univcrsitiit. 

UdHsyo^tcipldt:.  5-7.  101 17  Berlin.  Germany 

The  principle  ol'  the  double  crystal  technique  with  ciirvable  monochromatur-collinialor 
(MC’)  crystal  1  L2|  is  applied  using  synchrotron  radiation.  In  this  technique  the  curvature 
of  the  M(’  crystal  is  adapted  to  the  sample  curvature  during  the  experiment  obtaining 
large  area  double  crystal  topographs  (compare  |31  for  Hat  MC  crystal).  This  technique 
is  well  suited  for  the  investigation  of  homogeneously  bent  samples  like  heteroepitaxial 
layer  systems.  es|X'cially  when  it  is  applied  in  rellection  geometry.  It  is  shown  to  have 
the  lull  sensitivity  of  the  double  crystal  technique  for  topography  allowing  for  very  short 
exposure  times.  Topographs  obtained  using  adapted  MC  crystal  curvature  iU'c 
compared  with  (hose  using  a  plane  cry.stal.  The  .suitably  curved  MC  crystal  renects  the 
wave  corresponding  to  the  local  Bragg  condition  in  the  sample  by  selecting  appropriate 
wavelengths  resulting  in  the  increa.se  of  the  sample  area  investigated. 

As  an  example  for  a  typical  heteroepitaxial  system  a  distributed  Bragg  rellector  (DBR) 
structure  of  twenty  pairs  of  AlAs  (Slnm)  and  GaAs  (P.'^nm)  on  a  GaAs  substrate  is 
investigated  (compare  14,.^)).  The  diffraetrrinetcr  curve  of  this  structure  has  a  hirge 
number  of  superstructure  diffraction  peaks.  The  defect  contrasts  in  satellite  rellection 
topographs  ililTer  from  those  in  the  corresponding  substrate  reflection  topograph. 

The  effects  of  additional  monochromati/ation  by  a  silicon  double  ciystal 
monochromator  are  studied.  The  level  of  radiation  background  is  reduced  considerably. 
Topograplis  ol  the  same  area  of  the  sample  are  compared  with  and  without  additional 
monochromati/atii)n.  While  the  contrasts  of  the  defects  stay  more  or  less  the  same,  it  is 
more  difficult  to  obtain  homogeneous  large  area  topographs  with  additional 
monochromati/ation.  fhe  limits  of  the  radius  of  MC  crystal  curvature  {5m  concave,  8m 
convex)  are  estimated. 

1 1 1  B,  Jenichen,  R.  Kohler,  and  W.  Mdhling.  phys.  stat.  .sol.  (a)  89(  1985)79 

|2|  B.  Jenichen.  R.  Kohler,  and  W,  Mdhling.  J.  Phys.  H.  2I(  1988)1062 

1.51  P.  Riglet.  M.  .Sauvage,  J.P.  Petroff.  and  Y.  Epelboin.  Phil.  Mug.  A42(1980)3.59 

14)  B.  Jenichen,  R.  Kohler.  R.  Hey.  and  M.  Hdricke  in  MRS  Symp.  Proc.  240(1992)159 

15)  B.  Jenichen.  R,  Kohler,  R.  Hey.  and  M.  Hdricke,  J.  Appl.  Phys.  73(199.5)2220 
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A  URI)  INTERACE  STUI)\  IN  THE  WSi/Si  AND  OIUJQUEIA  DEPOSITED 

\V/Si  MULTILAYERS 

M.Jergcl,  E.Majkova,  S.Luby,  R.Scndcrak,  Institute  of  Physics.  Slovak  AcaJemy  of 
Sciences,  Duhrawska  cesla  9,  <S’-/2  28  Bratislava,  Slovakia 

V.Holy,  Department  of  Solid  State  Physics,  Faculty  of  Science,  Ma.saryk  University, 
Kotldfskd  2,  611  37  Brno,  Czech  Republic 

W/Si  multilayers  (MLs)  are  used  as  artificial  X-UV  mirrors.  The  interfaces  play  a 
decisive  role  to  achieve  the  maximum  reflectivity.  The  oblique  deposition  is  a  possibility 
to  get  smoother  interfaces  due  to  the  increase  of  sideway  motion  and  surface  migration 
of  the  deposited  atoms  The  resistance  against  the  interdiffiision  and  mixing  at  the 
interfaces  can  be  increased  by  deposition  of  a  WSi  mixture  instead  of  pure  W.  This  can 
lead  to  an  enhanced  thermal  stability  and  to  smoother  interfaces  in  the  as-deposited 
state, 

We  applied  the  X-ray  reflect"  i!v  and  diffuse  scattering  measurements  to  study  these 
possibilities.  The  measurem'-nt';  were  done  with  CuKod  radiation  on  the  STOE  high- 

resolution  diffractometer  with  the  two-crystal  +/-  GaAs  monochromator  working  at  400 
reflection  and  cut  under  3*^  with  respect  to  the  (100)  plane.  The  samples  were  prepared 
by  e-beam  evaporation  onto  the  Si  (100)  wafers.  The  angles  a=0°,  38°,  and  47°  with 
respect  to  the  surface  normal  (labelled  as  A,B,C)  were  used  for  the  oblique  deposition. 
The  sample  A  was  prepared  as  l0x(2.13nmW/12,77nmSi)  starting  with  W  and  the  ML 
periods  A  of  B,  C  were  reduced  according  to  cosa  as  deduced  from  the  simulation  of 
the  specular  scans  by  the  Fresnel  optical  computational  code.  The  rms  values  of  the 
interface  roughness  o  supposing  the  Gaussian  distribution  were  0,95nm,  1  nm,  1 . 1  nm  for 
A,B,C,  respectively.  The  intensity  distribution  in  the  reciprocal  space  was  traced  both  by 
the  W-scans  (the  detector  fixed)  and  20-ones  (the  sample  fixed).  The  streaks  around  the 
Bragg  points  due  to  the  correlated  roughness  were  found  for  A  and  partially  for  B  while 
iney  are  almost  absent  for  C  The  scans  were  simulated  within  the  DWBA 
approximation  [1]  taking  the  A  and  a  values  from  the  specular  simulations.  Supposing 
the  Gaussian  height-height  correlation  function,  i.e.  2D  fractal  character  of  the 
interfaces,  the  lateral  correlation  lengths  ^=24nm  and  2  5nm  were  found  for  A 
considering  the  maximum  correlation  and  for  C  considering  the  full  loss  of  the 
correlation,  respectively.  The  intermediate  case  B  could  not  be  simulated  by  the  Spiller's 
model  of  the  partially  correlated  roughness,  where  ^  increases  with  decreasing 
roughness  correlation,  which  obviously  is  not  our  case. 

The  MLs  (Wi.,(Si^/Si)10x  with  dv/sj/dsj=0.55  and  x=0  (A=8,3nm),  x=0,375  (A 
=7  6nm),  and  x=0  67  (A=8.7nm)  were  prepared  starting  with  WSi  and  analyzed  as 
described  above  There  was  no  change  of  cr=0  6nm  with  x.  Contrarily,  ^®120nm  for 
x=0  decreased  to  ^=80nm  for  x=0  375  supposing  the  uncorrelated  case.  This  tendency 
seemed  to  continue  for  x=0.67,  however,  neither  both  extreme  cases  of  the  roughness 
correlation  nor  the  Spiller's  model  gave  satisfactory  simulation  results. 

[1]  Holy.V.  and  Baumbach,T,:  Non-specular  x-ray  reflection  from  rough  multilayers,  to 
be  published  in  Phys.Rev.B  49  (April  15,1994) 
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THE  DIFFRACTION  LINE  PROFILES  OF  MESOPHASES. 
SMECTIC  AND  HEXATIC  ORDERING 
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Intitiluie  of  Crystallography,  Ilnssiari  Aoade.niy  of  Sciences,  Mo.scow,  Russia 

W. H.  de  Jeu 

FO  St -Institute  for  Atomic  and  Molecular  Physics,  Amsterdam,  The  Nelhej-lands 

I. R. Peterson 

Instihitc  of  Physical  Chemistry,  Mainz  University,  Maint,  Germany 

'I'here  exists  a  wide  range  of  intermediate  phases  (mesophases)  between  liquid 
and  crystalline  states,  with  order  varying  from  that  of  an  anisotropic  liquid  to  that, 
of  an  orieiitationally  disordered  crystal.  There  exists  aLso  an  intermediate  phase 
between  the  two-dimensional  liquid  and  the  two  dimensional  solid  the  hcxatic 
phase,  which  possesses  discrete  symmetry  with  respect  to  rotations  and  reflections, 
like  a  crystal,  but  continuous  translational  .symmetry.  The  peaks  in  the  diffraction 
patterns  of  mesophases  differ  both  from  the  delta-functions  of  crystals  and  the  broad 
peaks  due  to  short-range  order  of  liquids.  The  shape  of  mesoinorphotis  diffraction 
peaks  is  an  essential  feature  providing  information  on  their  ordering. 

Smectic  order  is  one-dimensional  translational  order  in  a  three-dimensional  sys¬ 
tem.  It  is  destroyed  by  thermal  fluctuations  of  long  wavelength  and  cannot  exist  in 
an  infinite  sample.  In  a  finite  sample,  the  strong  thermal  fluctuations  cause  intense 
x-ray  scattering.  Peak  profiles  of  power  law  form,  with  a  temperature-dependent  in¬ 
dex,  were  predicted  theoretically  and  observed  experimentally.  However,  the  peaks 
are  observed  to  be  asymmetric,  with  the  index  considerably  different  from  the  pre¬ 
dictions  for  an  ideal  smectic.  We  have  shown  that  the  results  of  various  experiments 
on  monomeric,  polymeric,  and  lyotropic  smectics  can  be  explained  naturally  in  terms 
of  the  real  structure  of  the  smectic,  in  which  the  mo.saicily  of  the  sample,  misori- 
entation  and  the  finite  sizes  of  the  blocks  are  taken  into  consideration.  An  angular 
mi.sorientation  of  only  a  few  degrees  of  arc,  which  is  quite  small  for  a  liquid  crystal, 
hius  a  considerable  influence  on  the  apparent  index.  A  universal  relationship  between 
mosaicity  and  the  ind(!x  is  found.  'I’he  asymmetry  of  the  diffraction  peaks  can  also 
be  explained  as  an  average  over  mi.soriented  blocks  of  the  sample.  Its  tempera¬ 
ture  dependence  is  derived.  The  broadening  of  the  x-ray  peak  due  to  distributed 
dislocations  is  described. 

The  structure  factor  is  calculated  for  the  original  model  of  the  hexatic  phase  by 
Nelson  and  llalperin,  in  which  a  two-dimensional  crystal  contains  a  gas  of  interact¬ 
ing  dislocations.  It  is  shown  that  the  dilTraclion  peaks  are  anisotropic  Gaussians. 
'I'he  ratio  of  the  longitudinal  to  the  transverse  jieak  widths  depends  on  the  sample 
size  and  decreases  considerably  when  the  dislocations  interact.  X-ray  and  electron 
diffraction  experiments  arc  explained  without  any  phenomenological  parameter. 

The  profiles  of  the  diffraction  peaks  of  me.sopha.scs  with  layer  (smectic)  and  in¬ 
layer  (hexatic)  ordering  are  thus  explained  in  terms  of  dislocations,  their  interaction, 
size  and  misorientation  of  the  domains.  The  calculated  peak  profiles  explain  a  wide 
range  of  various  diffraction  experiments. 
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DIFFRACTOMliTRIC  STUDlIiS  OF  ANOMALOUS 


TRANSMISSION  OF  X-RAYS  IN  SIX  BHAM  LAUH  DIFFRACTION 
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T.lshikawa 

(*}  Institute  of  Crystallography,  Academy  of  Sciences,  Moscow  117333,  Russia 

(**)  Russian  Research  Center  "Kurchatov  Institute",  Moscow  123182,  Russia 

(***)  University  of  Tokyo,  Bankyo-ku,  Tokyo  113,  .lapan 

All  uiiomulous  transmission  of  X-rays  through  a  thick  atisorhing  crystal  is 
one  of  the  fundamental  phenomena  of  X-ray  dynamical  diffraction.  The 
physical  reason  for  this  effect  is  the  excitation  of  the  standing-wave  fields 
with  intensity  close  to  zero  at  the  reflection  planes.  Ihc  structure  of  the 
.standing-wave  fields  under  conditions  of  multiple  diffraction  offers  new 
possibilities  for  further  reduction  of  interaction  of  X-rays  with  atoms  and 
enhancement  of  anomalous  transmission. 

The  most  interesting  configuration  is  the  six-beam  I,aue  diffraction  case 
in  which  the  minimum  absorption  coefficient  is  limited  only  by  the  Compton 
scattering.  So  far  this  effect  have  been  studied  experimentally  mainly  by  the 
topographic  methods.  However,  optical  effects  of  X-ray  spherical  wave 
diffraction  make  observation  and  measuring  of  anomalous  transmi.ssion  nearly 
impossible. 

'I  hc  main  experimental  problem  of  direct  diffracmmetric  measurements 
of  six-beam  anomalous  transmission  is  a  high  angular  collimation  of  incident 
X-ray  beam  both  in  vertical  and  horizontal  directions.  In  our  experiments 
performed  at  the  Photon  I'actttry  we  used  a  new  method  of  collimation  based 
on  the  six-beam  anomalous-transmissi()n  phenomenon  itself.  'I’hc  enhancement 
of  the  anomalous  transmission  effect  (in  .'^.3  times  for  n\  =  \2)  in  comparison 
with  the  (220)  two-beam  diffraction  has  been  observed  for  the  first  time  in  a 
direct  diffractometric  measurements. 

Besides  the  fundamental  interest  the  six-beam  anomalous  transmission 
may  have  important  applications  in  X-ray  optics.  The  six-beam  collimator  can 
be  successfully  used  for  two-dimensional  angular  collimation  of  X-ray  beams 
in  different  diffraction  experiments  (three-beam  multiple  scattering,  X-ray 
standing  waves,  total  external  reflection  and  others). 
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hi(;h  resolution  x-ray  diffraction  analysis  of  elastic 
LATTICE  distortions  ASSOC  IATED  WITH  SURFAC  E  RIPPLINC;  IN  SKJc 

EPI  LAYERS 

AM  Kcir.  SJ  Harnett.  D,l  Robbins.  A.I  Pidduck.  ACi  Cullis 

DRA  Malvern.  St  Andrews  Road.  Malvern.  Worcs.  WR14  .^PS.  LK 

Under  certain  conditions  the  surface  of  SiCie  strained  epilayers  adopts  a  rippled 
morphology  which  is  accompanied  by  an  clastic  deformation  in  addition  to  that  of  a 
smooth  tetragonally  distorted  epilayer.  We  have  applied  diffraction  space  mapping  to 
measure  the  nature  and  magnitude  of  these  lattice  distortions  in  a  series  of  Si|  ^Cie^ 
strained  layers  grown  on  Si  by  low  pressure  VPI{.  We  show-  that  the  elastic  distortions 
accompanying  the  periodic  rippled  surface  morphology  ktwer  the  elastic  energy  of  the 
epilayer  in  accordance  with  theoretical  modelling'’’. 

Atomic  f  orce  Microscopy  and  I  ransmission  Ivlectron  Microscopy  of  the  rippled  SiCle 
surfaces  reveal  the  existence  of  two  sets  of  ripples  each  lying  in  one  of  the  two  <1()0> 
directions  in  the  (001 )  epilayer  surface’"’  '’.  A  mosaic  pattern  of  the.se  ripples  is  observed 
on  the  epilayer  surface.  The  .symmetry  of  the  ripple  pattern  allows  X-Ray  ditfraclion 
ineasuremL'iits  to  be  performed  in  order  to  measure  the  specific  elastic  di.stortions 
u.ssociated  with  the  ripple  structure.  In  addition  triple  axis  diffractometry  pemiits  the 
elastic  distortions  to  be  resolved  into  their  lattice  dilation  and  lattice  tilt  components. 
Recent  measurements  are  presented  which  demonstrate  that  there  is  broad  agreement 
between  TLM  measurements  of  the  elastic  di.stortions  ol'  { 1001  lattice  planes  normal  to 
the  epilayer  surface  and  tho.se  of  the  (004)  lattice  planes  measured  using  diffraction 
space  mapping. 

1 .  RJ  Asaro  et  al.  Metallurgical  I'rans.  3  (1972)  1789 

2.  A(i  C'ullis  et  al,  J.  C'ryst.  (irowth  123  ( 1992) 

V  .A.!  Pidduck  et  al,  Inst  of  Phys.  Coni'.  Series  No  134  ( 199,U  609 
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DEFECT  STRUCTURE  INVESTIGATION  OF  SLIGHTLY 
IMPERFECT  Si  CRYSTALS  BY  MEANS  OF 
X-RAY-ACOUSTIC  METHOD 

V'.LKhnipa,  D.O.Grigor'ev,  L.LDatsenko  and  V.F.Machulin 

Institute  of  Semiconductor  Physics  of  the  Ukrainian  Academy  of 
Science,  Kiev,  pr.Nauki  45,  252028,  Ukraine 

The  X-ray-acoustic  method  for  determining  of  the  structure 
perfection  integral  characteristics  is  suggested  for  slightly  imperfect 
dislocation -free  Si  crystals  with  localized  (micro)  and  distributed  (macro) 
distortions.The  method  is  based  on  the  analysis  of  dependence  of  the  distance 
Ax  between  two  minima,  arising  in  the  spatial  intensity  profile  I(x)  of 
the  X-ray  beam  diffracted  by  acousticaliy  excited  crystal  11,2],  upon 
ultrasound  frequency  Vg  as  well  as  of  it's  integrated  reflectivity  Rj  .  Using 
the  data  Ax(vs)  for  two  selected  reflections  we  have  calculated  the  extinction 
lengths  A  (Table), 


Sample 

Si 

Fz 

Si  Cz 

Reflection 

220 

440 

220 

440 

A,  pm 

36.54 

54.27 

36.5 

53.62 

which  enabled  us  to  identify  the  predominate  type  of  structure 
disturbances  for  test  crystals  as  well  as  to  estimate  the  static  Debyt-Waller 
factors  e-L  for  sample  with  microdistortions.  These  data  also  made  it  possible 
to  estimate  L  and  the  period  of  the  main  macrodeformation  k  ^  for 
sample  containing  simultaneously  microdefects  and  periodic  macrodistortions. 
Further  analysis  of  the  Rj  values  in  framework  of  the  dynamical  theory 
developed  for  homogeneously  distributed  defects  [3]  provided  us  possibility 
for  determination  of  the  characteristic  size  r  and  concentration  n  of 
microdefects  [4]. This  technique  is  shown  to  improve  the  obtained 
information  quality  and  diffraction  data  reliability.  Such  approach  has  been 
used  for  studying  the  structure  perfection  of  Czochralski -grown  (Cz)  (L220 
=  1,9*  10-3,  L440  =7,6*10-3,  Xfn  =200  pm)  and  Float-zone  (Fz)  (L220 
=  1,1*10-3,  =4,3*10-3,  p=:i  ,  ^ni,  n=2,9*10i'  m-3  )  silicon  crystals. 
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In  buffer  layer  technology,  in  addition  to  measurement  of  layer  composition  and  relaxation, 
it  is  necessary  to  find  a  method  for  quantification  of  the  crystalline  quality  of  the  relaxed 
buffer  layers.  The  technique  of  high  resolution  reciprocal  space  mapping  is  ideal  for  this 
purpose,  as  it  can  reveal  details  of  the  layer  unit  cell  dimensions  and  the  distributions  of  tilts 
and  mosaic  spread.  We  investigate  the  relaxation  behaviour  of  two  graded  layer  structures 
comprising  InGaAs  layers  grown  by  MBE  on  (001)  oriented  GaAs  substrates.  Both  structures 
have  a  linear  graded  buffer  layer  of  In,Ga<|.„As  with  x  increasing  from  0  to  0.3  over  1/um. 
One  of  the  samples  has  a  capping  layer  with  thickness  300nm  and  composition  x  =0.21.  By 
studying  the  shape  and  distribution  of  the  diffuse  scatter  around  the  layer  Bragg  peaks  for  the 
004  and  1 15  Bragg  reflections  we  are  able  to  quantify  the  range  of  lattice  parameters  and  tilts 
in  the  layers.  Figure  1  below  shows  a  typical  reciprocal  space  map  around  the  004  Bragg 
peak  for  the  capped  sample,  illustrating  the  measurable  parameters. 
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Fig  1  Reciprocal  Space  Map  with  grey  scale  indicating  log  (intensity)  for  the  (X)4  Bragg 
reflection  from  a  1  /tm  thick  InGaAs  graded  buffer  layer  with  an  InGaAs  constant 
composiboa  capping  layer,  grown  by  MBE  on  an  (001)  oriented  GaAs  substrate. 
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DOUBLE-PLANE  COLLIMATION  OF  \-RAYS 
FOB  HIGH-RESOLUTION  EXPERIMEN  PS 


E.A.Koiidtashkina' ,  D.V. Novikov*,  and  S. A. Stepanov' 

'Ml‘(l-A(l  'liiiiilfit  iilx  uiiniifi',  (//>//;/:•)- 7.  P- 1 II I  I  7  Ih  rliii .  (Iirimini/ 

(On  hnn  oj:  In.^lihih  for  .\iirhrir  l’rolil(  nis,  SI  -JJOOoO  Miiish,  lliinnis) 

^  HAS)'!,. Mi  III  PICS).  .Xotki  So,  P-JJii().l  llnnibiini,  (iinnninj 

Tlie  inai()ril>'  ol  collimal in>>;  systt-ins  in  X  ray  oi)li(s  provide  pr<'(  is<’  aiis'ilaf  colli- 
inatiun  iil  \-ia\s  in  one  plane  only.  This  colliinal ion  produced  li\'  Uiaj^r!;  I'eilect ions 
ii'oin  sinule  ci'ysl  a  Is  (an  he  .is  line  as  (H-)  ~  1 0  '  —  I  O'*  secoin  Is  ol  /ii'c.  I'lic  angnliir 
dl\'ei  i;ence  ol  \  rays  in  I  lie  ol  her  plane  is  Msiiall\  lorni<‘<l  l»y  slits,  pinholes  or  \  |■.•|y 
inirrois  and  is  nol  heller  in  most  ea.ses  than  ti:  1(1*  -  l()‘  seconds  of  arc.  I'lial 
sails  well  lor  inosl  expi'rimeiil s.  1  lowimi'r.  some  new  X  i'ay  diHVactioii  .Lveometries 
e.\tensi\-ely  used  in  receni-  years  (,ii,razinj'  incidence  diH'raclion,  ninitipli'  diliraclion, 
e.xt i'<'mel\'  asyinmeirii  ililfiacl ion,  etc.)  r<’<|nire  tin*  incideni  heam  he  colliin.iled  in 
holh  inninally  perpendiculai-  plain's  with  an  accuracy  nol  wor.s*'  than  ~  I  si'cond 
ol  aic.  .Moreover,  the  hif!,li  inotiochroniat izat ion  of  X- rays  nnisl  In'  provided  as  wt'll 
In'canse  I  In'  dispersion  is  usnalls'  not  coinp<'nsal<'d  iti  these  frr'onn't rii's. 

In  till'  present  r<'porl,  three  possihh'  ways  of  X  ray  douhh'-phine  eollim;it  ion  are 
discussed: 

I.  With  it  successive  Itrafj;;!,'  monocliroinalors  arranr!;ed  in  two  planes  [l|. 

■J.  WilhO-heain  Itorrmann  <'(fecl  ['i.it|. 
it.  With  |{enniiij;<'i'  elleci  [  I..')], 

I'he  collim.'it  ion  hased  on  I  he  l<enninjj,er  elfeci  is  shown  to  he  inosi  aiU’ani  ii^r'ons. 
I  he  ('.\|)eriinenl  I'll  si  ud\'  of  the  don  hie- plan*'  col  lima  lion  producr'd  hy  the  ltraf>g  case 
lteimiii,ii,('r  <'llecl  is  e.irried  out .  I  he  data  are  compared  wil  h  l  In'oret  ical  cah  illat  ions 
hasc'il  on  three  \va\'e  d\'n.iinir;il  dilfraclion  theory.  '!  he  aiial\’sis  im  lodes  also  a 
delaih’d  i  oiisideral  io|i  ot  (iispersion  <'liecls, 

riien.  the  elfecis  of  asvmineliy  and  of  dilh'renl  coinhinal  ions  of  prini.irv  and 
secoinl.iry  planes  on  doiihle- plane  collinial  ion  parann'Iers  are  sindied  liv  means  ol 
( rnnpiil  ei-  simnlal  ions,  ll  is  shown  I  lial  I  In-  most  «'iri'«l  iv<'  ctd  lima  I  or  can  he  based  on 
I  he  Lane  c.isi'  Itenninyer  elleci .  Such  a  collimator  is  able  lo  cum  bine  I  he  ad\ant  ayes 
ol  a  1  trayy  i  ase  Hen  ni  iiyer  col  I  i  ma  I  or  (  nsiny  of  it- heam  diilraci  ion  on  ly  )  and  a  ll  beam 
llorrm.inn  collimator  (the  ahst'ine  of  line  .strmliirc  and  long  tails  in  llii'  pi'odnci'rl 
.X  ray  In'am  I. 

[1]  r.ltonse,  .M.llai  l :  /..  Ph\  s,  189  I  HMitl)  l-M. 

['j)  ,\.'t  ii.Ka/imiroN-.  il.al.:  I’holon  l  acloix’  .\clivity  Heports  (l!)!)|)  L’it''. 

[it|  H.l’ahl:  ('IllfS.S  Xewsh'lier-  Spriny  1 1 99 1 )  ifj, 

[  l|  ( 1 1 .( 'hen.  ,‘s.  I..(  'hany:  Nncl.  liisi  rum.  >X  .\h't  h.  A. ‘100  (1991)  •‘i.s  1 . 

[.')]  A. Stepanov,  il.iil.:  \ncl.  Instrum.  .V  .\leih.  A346  its.')  (1991)  itS.'i. 
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Deposition  C  ontrolled  Surface  Roughness  of  Thin  Ciold  Films  Studied  by 

\-Ray  Reflectivity 
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Non-destructive  surface  and  interface  characterization  is  of  great  interest  both  in  applied 
and  basic  research  It  is  well  known  that  even  interfacial  regions  extending  over  a  few 
monolayers  can  severely  degrade  device  performance  [1],  with  further  miniaturization 
the  need  to  control  and  monitor  interface  quality  in  deposited  layers  will  still  increase  As 
far  as  basic  research  is  concerned,  the  growth  of  thin  films  recently  has  received  much 
attention  from  theorists  (2]  and  experimentalists  [3]  due  to  the  predicted  scaling 
behaviour  of  self-affine  surfaces  and  the  associated  roughness  exponents 
For  both  purposes  specular  and  diffuse  x-ray  reflectivity  under  grazing  angles  was 
proved  to  be  a  sensitive  tool  to  investigate  statistical  interface  properties  like  RMS- 
roughness  in  growth  direction  and  lateral  correlations  [4,5] 

We  have  applied  this  method  to  characterize  the  surface  of  thin  gold  films  deposited  on 
silicon  substrates  Experimental  data  were  taken  with  synchrotron  radiation  at 
HASYI.AB/DESY  on  samples  grown  under  identical  conditions  but  to  different  film 
thicknesses  between  20  and  500  nm  A  second  series  of  samples  with  identical  film 
thickness  was  investigated  to  study  the  influence  of  growth  rates  from  0  03  to  1  nm/s 
on  surface  roughness 

The  data  have  been  evaluated  by  simulation  assuming  a  lateral  correlation  function  of  the 
type  C(r)  ■  t'  exp(-(r  'Zh)  The  results  are  compared  to  predictions  for  kinetic 
roughening 
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ANALYSIS  OF  SURFACES  AND  LAYERED  STRUCTURES 
BY  X-RAY  SCATTERING 

H.  Kopecky,  E.  Krousk]^,  O.  Renner 
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Czech  Republic 

E.  Fdrster,  J.  Helnlsch 

MPG  X-ray  Optics  Group  at  the  Friedrich  Schiller  University 
Jena,  07740  Jena,  Germany 

A  vide  variety  of  x-ray  methods  are  used  for  investiga¬ 
ting  surfaces  and  thin  layers. 

Angular  dependences  of  the  specular  reflectivity  provi¬ 
de  reliable  data  about  material  densities  and  layer  thick¬ 
nesses.  The  root-mean-square  (rms)  roughness  of  surfaces 
and  interfaces  is  also  frequently  deduced  from  reflectivity 
curves.  However,  detailed  scattering  theory  indicates  that 
such  results  can  be  considerably  distorted.  Measurement  of 
the  nonspecular  scattering  yields  better  information  about 
rough  interfaces  (including  lateral  characteristics  and 
vertical  correlation  of  individual  interface  profiles).  On 
the  other  hand,  this  approach  requires  more  sophisticated 
experimental  equipment  and  theoretical  interpretation. 

Recently,  new  theories  of  the  diffuse  x-ray  scattering 
from  surfaces'  and  layered  systems^*  ^  based  on  the 

distorted-wave  Born  approximation  have  been  developed.  By 
using  these  models,  a  more  complex  characterization  of  non- 
ideal  layered  systems  is  possible.  The  use  of  nonspecular 
scattering  to  study  surfaces,  thin  films,  and  multilayer 
structures  is  demonstrated  for  several  types  of  samples 
namely  glass,  fused  silica,  single  A1  layer  and  high- 
quality  Fe/C  multilayer  with  rms  roughness  less  than 
0.5  nm.  The  experiment  has  been  carried  out  using  a  two- 
axis  reflectometer  and  CuK^  radiation  produced  by  a  18-kW 
x-ray  generator  with  rotating  anode. 

[1]  S.  K.  Slnha,  £.  B.  Sirota,  S.  Garoff,  and  B.  Stanley, 
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X-RAY  MULTIPLE  SUCC  ESSIVE  DIFFRACTION 
AND  BEAM  TRACINCJ 


D.  Korytar 

Institute  of  Electrical  Engineering,  Slovak  Academy  of  Sciences,  Department  of 
semiconductor  technologies,  Vrbovskd  cesta  102,  92101  Piestany,  Slovakia 

In  X-ray  topography  and  high  resolution  diflractometry,  single  and  multiple  crystal 
coplanar  arrangements  are  used  depending  on  the  required  sensitivity,  resolution, 
intensity,  and  other  parameters.  Special  beam  conditioners  consisting  usually  of  two 
adjustable  grooved  crystal  blocks  [I]  are  applied  to  form  the  X-ray  beam  by  means  of 
coplanar  multiple  successive  diffraction.  Contrarily,  non-coplanar  successive  asymmetric 
di^actions  (diffractors)  have  been  successfully  used  to  obtain  X-ray  magnified  image  [2]. 

Multiple  diffraction  is  usually  studied  because  of  its  dynamical  effects  in  multiple 
simultaneous  diffraction  [3].  Conditions  for  coplanar  and  non-coplanar  multiple  successive 
diffraction  (based  on  geometrical  approach  and  Bragg  equation  in  vector  form)  and  basic 
imaging  equations  for  the  beams  to  pass  have  bee.i  given  it'  [4].  Using  the  equations,  a 
monolithic  X-ray  magnifier  integrating  two  non-coplanar  asymmetric  diffractors  has  been 
devised  and  constructed  [4],  Similarly,  the  equations  have  been  used  to  perform  beam 
tracing  and  Monte  Carlo  simulation  of  X-ray  topographs  in  single  and  double  crystal  (flat 
and  curved  crystals)  symmetrical  and  asymmetrical  diffraction  with  the  aim  to  study  the 
effect  of  geometrical  parameters  on  the  X-ray  topographs. 

Our  further  study  of  the  multiple  successive  diffraction  includes  two-beam  dynamical 
approach  to  the  individual  diffractions.  The  procedure  thus  takes  into  account  the  effect  of 
refiaction  and  asymmetrical  diffractions  on  the  rocking  curve  position.  Tlie  effects  of 
multiple  dynamical  diffraction  have  not  been  considered  which  means  that  no  information 
on  the  dynamical  gain  or  loss  of  intensity  [3,5]  can  be  obtained  from  the  computations. 
About  20  millions  of  combinations  of  three  crystallographic  planes  for  Si,  Ge,  and  GaAs 
crystals,  and  for  the  most  common  X-ray  wavelengths  have  been  tested  \vith  the  aim  to 
find  arrangements  suitable  for  monolithic  non-coplanar,  near  coplanar.  and  coplanar 
devices,  In  addition  to  a  matching  parameter  for  the  diffraction  cones  of  the  diffractin 
vectors  considered,  a  coplanarity  parameter  for  the  incoming  and  successively  diffracted 
beams  has  been  evaluated  in  the  rules  of  choice.  In  addition,  combinations  of  lower  order 
diffractions  and  Bragg  angles  relatively  far  from  45  degrees  have  been  given  preference  in 
order  to  preserve  as  much  intensity  as  possible  in  the  non-coplanar  case. 

Based  on  the  computations,  a  monolithic  X-ray  magnifier  integrating  a  monochromator 
and  two  asymmetric  non-coplanar  diffractors  has  been  devised  and  constructed.  Similarly, 
a  monolithic  beam  conditioner  close  to  the  (-n,n,m,-m)  type,  with  relatively  high 
coplanarity  parameter,  has  been  realized  and  tested.  Its  important  advantage  is  that  the 
incoming  and  the  outcoming  beams  arc  nearly  parallel. 
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Thin  SiC  Tilms  on  (Ill)Si  wafers 

Thin  SiC  films  with  a  thickness  of  100  -  500nm  have  been  produced  on  (1 1 1) 
oriented  Si  wafers  using  solid  state  evaporation  Growth  rates  of  0  2  -  0  6  pm/h  have  been 
achieved  at  750°  -  900°  C 

The  X-ray  diflfraclion  pattern  obtained  from  a  400nm  SiC  film  (see  Figure) 
exhibits  two  typical  peaks  due  to  the  reflections  at  the  (00  6)-plane  of  a-SiC  or  (1 1 1)- 
plane  of  P-SiC  No  other  SiC  peaks  were  observed  This  implies  that  the  film  crystallites 
have  a  preferred  growth  orientation  nearly  perpendicular  to  the  plane  of  the  close  packed 
structures  The  measured  orientation  distribution  function  was  characterized  to  be 
Gaussian  withFWHM  of  2  5° 

Currently  we  are  getting  additional  infonnations  concerning  properties  and 
behaviour  of  these  SiC  thin  films  by  using  atomic  force  microscopy  and  IR- 
speciroscopy 
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STUDY  OF  DEFECTS  AND  ULTRASOUND  WAVES  IN  NEARLY  PERFECT  HTSC 
CRYSTALS  OF  Nd2-xCExCu04_6  BY  NEUTRON  AND  X-RAY  TOPOGRAPHY 

V. V. Kvardakov\  V. A. Somenkov\  W.Paulus^,  A.Cousson^, 
G.Heger^  and  S.Piriol'^ 

1)  Kurchatov  Institute,  Moscow  123182,  Russia. 

2)  LLB  CEN  Saclay,  91191  Gif  sur  Yvette,  France 

3)  RVTH,  Inst . f. Kristal lographie, D-52052  Aachen,  Germany. 

4)  ICMBA-CSIC  Campus  UAB,  E-08193  Bellaterra,  Spain. 

Methods  of  neutron  and  X-ray  diffraction  and  topography 
have  been  developed  for  study  of  defects  and  acoustic 
properties  of  HTSC  crystals. 

It  was  established  that  some  nonsuperconducting 
Nd2-xCexCu04  (x=0-0,17)  ti-u!  and  superconducting 
Ndi.sbCeo.  i5Cu04-y  crystals  have  a  very  high  perfection.  As 
a  result,  the  dynamical  effects:  narrow  rocking  curves 
(close  to  theoretical  ones  for  ideal  crystals),  Borrmann 
effect  and  Pendellosung  oscillations  were  observed  in 
neutron  and  X-ray  scattering.  The  defects  (dislocations, 
individual  small  angle  boundaries,  elastic  stresses, 
concentration  inhomogeneity)  were  revealed  in  the  crystals. 
The  dislocation  type  and  density  and  Burgers  vector 
orientation  were  determined. 

The  influence  of  ultrasound  waves  on  X-ray  diffraction 
in  perfect  Nd2-xCexCu04  crystals  (at  Borrmann  effect 
condition)  was  investigated.  It  was  demonstrated  that 
ultrasound  waves  may  considerably  decrease  the  intensity. 
The  systems  of  periodic  gaps  were  found  on  frequency 
dependence  of  X-ray  intensity  and  connection  of  the  gaps 
with  stationary  acoustic  waves  was  established.  The 
stationary  acoustic  field  was  visualized  by  X-ray 
topography.  The  acoustic  wave  amplitude  and  polai'ization  and 
the  velocity  of  longitudinal  and  transverse  sound  were 
determined  from  diffraction  data. 

It  was  found  that  the  influence  of  ultrasound  waves  on 
diffraction  Intensity  at  Borrmann  effect  condition  increases 
when  the  sound  wavelength  approaches  to  extinction  length. 
It  was  shown  that  the  effect  is  connected  with  the  resonance 
interaction  of  X-ray  and  acoustic  fields  and  the  Borrmann 
effect  suppression  (X-ray  acoustic  resonance). 

Possibilities  of  application  of  topography  and 
diffraction  methods  for  investigation  of  the 
superconductivity  are  discussed. 
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DETERMINATION  OF  STRAINED  SUPERLATTICE  STRUCTURAL 

PARAMETERS . 


R.N.Kyutt,  S.S.Ruvirov,  M . P . Scheg lov ,  N.N.Faleev. 

Ioffe  Phys^  1  ca  1 -Teohn  i  oa  2  Institute  of  the  Russian 
Academy  of  Sciencies.  Fol i tekhn icheskaya  26. 

6 t 'Petersburg  1 94021 .  Russ i a . 

X-ray  d i f f ractometry  is  widely  used  for  a  superlat¬ 
tice  tSL)  structural  parameters  determination,  when  SL 
are  of  high  quality  and  match  to  substrates.  This  ootnniu- 
nication  deals  with  strained  SL  containing  the  defects 
inside  the  layers.  Doutile  and  triple  axis  settings  were 
utilized.  The  InGaAs-GaAs  SIL  on  GaAs  substrates  as  well 
as'  A  r.-ib --ijaSb  SL  in  GaSb/GaAs  structures  were  studied. 

Similar  to  nearly  perfect  SL.  the  period  and  the 
average  deficrmation  were  obtained  from  the  satellite  po¬ 
sitions  in  the  double  crystal  rooking  curve.  We  used  the 
asymmetric  Bragg  diffraction  to  extract  the  in-plain  da¬ 
ta,  which  allowed  us  to  judge  about  the  presence  of  mis¬ 
fit  dislocation  (MD)  networks.  As  for  the  individual  la¬ 
yer  thicknesses  and  strain,  they  are  known  to  be  deter¬ 
mined  by  using  a  simulation  of  the  curves.  Since  the  ba¬ 
sic  principles  of  the  simulation  in  this  case  still  re¬ 
main  unclear,  we,  considering  no  a  general  approach, 
attempted  the  simulation  according  to  the  following.  One 
point  is  that  no  the  relative  intensities,  but  the  in¬ 
tegral  reflectivities  are  compared.  Second,  there  is  an 
approximation  of  the  lattice  tilt  by  the  Gaussian  dis¬ 
tribution.  After  a  fitting  of  the  integral  reflectivi- 
Les  IS  reached,  one  finds  the  deformation  components  as 
well  as  the  thicknesses  of  SL  layers.  The  use  of  tilt 
approximation  permits  the  simulation  of  the  peak  shapes. 

In  order  to  assess  the  quality  of  AlSb-GaSb  SL  la¬ 
yers  we  applied  to  them  the  triple  axis  scans.  It  was 
concluded  that  the  peak  broadenings  in  the  transverse  to 
the  reciprocal  lattice  vector  H  direction  and  those  in 
the  parallel  were  unvariable  between  the  satellites.  We 
interpreted  the  both  as  being  due  to  a  high  density  of 
threading  dislocations.  Examining  InGaAs-GaAs  SL,  we 
detected  a  presence  of  MU  networks  in  the  3L-substrate 
interfaces  and  found  that  the  SL  layer  planes  sloped 
from  the  substrate  ones. 

All  of  the  extracted  parameters  were  confirmed  by 
direct  T  E  M  observations. 
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FLUX  AND  TEMPERATURE  DEPENDENCE  OF  LATTICE  EXPANSION  IN 
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^  Inst.  Electr.  Structure  &  Laser.  University  of  Crete,  Heraklion  1 17  10,  Greece 
Physics  Dept.,  Aristotle  University  of  Thessaloniki,  Thessaloniki  54(X)6,  Greece 
('Dept,  of  Physics.  University  of  Athens,  Panepistimiopolis  157  84,  Greece 


GaAs  layers  grown  at  reduced  temperatures  (  180  <  Tgr  <300  ).  the  so- 

called  LT  GaAs.  have  an  increased  lattice  constant  in  the  direction  of  growth  which 
is  due  to  excess  of  As  '-’.We  have  shown  that  this  lattice  expansion  and  hence  As 
excess  depends  also  on  the  growth  llux  ratio  R-JAs4^-*Ga  ^ 

In  order  to  understand  the  mechanism  responsible  for  this  effect  we  have 
studied  the  lattice  expansion  dependence  in  LT  GaAs  thin  films  on  growth 
temperature  for  different  llux  ratios  using  High  Resolution  XRD.TliM  has  been 
used  for  the  study  of  As  precipitates  m  the  samples  after  annealing  at  600  ‘K"  and 
the  density  and  diameter  of  As  precipitates  will  be  discussed  in  connection  with  the 
lattice  expansion.  F'igurc  1  shows  the  relaxed  lattice  constant  increase  of  LT  GaAs 
layers,  grown  by  MliF:  technique,  on  tlux  ratio  R  for  different  temperatures,  (Aa/a)r 
incrca.scs  linearly  with  respect  to  R  and  reaches  a  saturation  value  which  depends 
on  temperature.  Samples  grown  by  Atomic  l^yer  lipitaxy  have  lower  saturation 
values  of  lattice  expansion. 

The  saturation  in  (Aa/a)r  indicates  that  there  is  a  saturation  of  adsorption  of 
excess  As  in  the  GaAs  lattice  which  depends  on  growth  temperature.  The 
dependence  of  (Aa/a),-  on  llux  ratio  and  on  temperature  will  be  discussed  on  the 
basis  of  a  model  of  As  incorporation  during  growth  at  low  temperature. 


... 


R 

Fifiure  I  .  Relaxed  lattice  e.xpansion  {AaUi)^  of  GaAs  at  different  flax  ratios 
As4^'^ Ga  different  growth  temperatures. 


1  M.  Kaminska  etal.,  Appl.  Phys.  Lett.  54  (19).  1881  (1989) 

2  M.  Calamiotou  et  al..  Solid  State  Comm.  87.  563  (1993) 

3  M.  l^gadas  et  al.,  MRS  Vol. 325.(1993).  to  be  published 
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HIGH  RESOLUTION  XRD  STUDY  OF  AI^Gai.^As  LAYERS  GROWN  AT 

REDUCED  TEMPERATURE. 


VI.  Lagadas^,  K.  Tsagaraki^,  Z.  Hatzopoulos^  and  M.  Calamintoii^ 

"  Insi,  FAectr.  Structure  &.  Laser,  University  of  Crete,  Heraklion  117  W,  Greece 
^  Dept,  of  Physics.  University  of  Athens,  Panepistimiopolis,  157  84  Athens,  Greece 


Al^Gai.^As  layers  grown  by  MBL  at  200‘’C-3(X)‘^C  contain  excess  As  as 
much  as  1%  '  After  annealing  at  600  they  become  of  high  resistivity-  (>10^ 
Qcm)  and  they  offer  good  isolation  in  MI-SFET's  devices.  I-xcess  As  creates 
precipitates  with  density  and  si/e  depending  on  growth  temperature  and  annealing 
procedure.  High  crystalline  quality  and  smooth  surface  in  LT  layers  is  needed  in 
order  to  achieve  high  electron  mobilhy  and  transcondueiance  in  device  applications-^ 

In  this  work  we  investigate  the  crystalline  quality,  lattice  expansion  and 
surface  morphology  of  Aly  grown  by  MBI:  at  200‘K'-  TiWK'  by  High 

Resolution  XRD  and  ,SEM.  (Ixl)  Rheed  pattern  was  ob.scrved  during  growth  of  Ipim 
l.  r  AIGaAs.  The  surface  is  smooth  for  Tgr>250  and  rough  for  Tg,.  <250 
The  surface  roughness  is  due  to  decrease  in  surface  mobility  and  diffusion  length  of 
group  III  atoms'^. 

1-atticc  expansion  due  to  LT  growth  was  determined  from  the 
difference  in  the  peak  splitting  A9  of  the  (004)  symmetric.  Bragg  reflection  between 
as-grown  and  annealed  LT  AIGaAs.  Coherent  growth  of  the  layers  was  assumed  after 
recording  the  asymmetric  (115)  rocking  curve  for  low  and  high  angle  of  incidence. 
The  lattice  expansion  decreases  as  Tgr  is  increasing  due  to  decrease  in  excess  As 
concetration.  The  dependence  of  the  relaxed  lattice  expansion  (Aa/a)r  on  growth 
temperature  will  be  discussed,  We  have  observed  a  mueh  lower  lattice  expansion  in 
LT  AIGaAs  layers  compared  to  that  of  ITGaAs  layers  grown  with  identical 
conditions. The  crystalline  quality  of  LT  AIGaAs  epilayers  is  very  good  as  it  can  be 
seen  from  the  presence  ol  thickness  fringes  in  the  ((X)4)  Bragg  reflection  rocking 
curve. 


'  M.R.  Melloch  et  at.  J.  Vac.  Sci,  Technol.  B  11(3),  (1993), 795 
“  Y.  (.Imeial.  J.  (’ryst.  Growth  111,  (1991),  26 
^  M.  Lagadas  et  al.  J.  Gryst.  Growth  127,  (1993),  76 
^  Y..S,  l  att  J.  AppI,  Phys,  73,  (1993),  3265 
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HIGH-RESOLUTION  DIFFRACTION  AND  X-RAY  STANDING  WAVE 
STUDY  OF  Si/Ge  SUPERLATTICES 


S.  Lagomarsino,  P.  Castrucci*,  A.  Kazimirov”*  and  F.  Scarinci 

IstHuln  Klettronica  Slato  SoliJo  CNR  -  V.  Cinelo  Romano,  42  00156  -  ROMA  (Italy) 

*  Oniv.  Camerino,  Dip.  Matematica  e  Fisica  -  62032  CAMERINO  (Italy) 

**  In.st.  Cry.st.  Ru.saian  Acad,  of  Science,  MOSCOW  (Ru.ssia) 

SL/Ge  superlattices  (SL)  have  recently  attracted  much  interest  because  of  their 

optoelectronic  properties,  which  include  the  possibility  to  obtain  direct  optical 

transitions  (1)  and  the  vast  field  of  intersubband  transitions  (2).  These  properties  could 

open  the  way  to  integration  of  advanced  optoelectronic  functions  with  the  well 

developed  Si  technology.  A  key  point  in  order  to  obtain  the  required  characteristics  is 

the  structural  perfection  of  the  SL,  such  as  the  thickness  uniformity  of  the  individual 

layers,  the  minimization  of  extended  defects  and  the  crystalline  quality  and  abruptness 

of  the  interfaces  X-ray  diffraction  and  X-ray  specular  reflection  can  give  accurate 

structural  information  about  the  SL,  but  as  usual  only  the  modulus  of  the  structure 

factor  can  be  directly  determined  with  these  methods.  A  direct  determination  of  the 

phase  can  be  obtained  by  applying  the  X-ray  Standing  Wave  (XSW)  technique  to  these 

structures,  In  XSW  measurements  from  very  thin  layers  the  fluorescence  from  the 

overlayer  atoms  is  generally  measured  in  correspondence  with  the  substrate  diffraction 

peak.  However,  in  the  case  of  SuperLattices,  the  XSW  field  generated  in  the  substrate 

goes  rapidly  out  of  phase  with  respect  to  the  SL  periodicity,  We  made  therefore 

experiments  and  calculations  with  the  XSW  field  generated  in  the  SL  itself,  measuring 

the  Ge  fluorescence  yield  as  a  function  of  diffracting  angle  in  correspondence  with  the 

satellite  peak  of  the  (004)  diffracting  planes  From  the  combined  information  of  the 

diffracted  intensity  and  of  the  fluorescence  yield,  detailed  information  about  the  SL 

structure  are  derived. 

■1 

(1)  Jaros  et  al.,  J,  of  electronic  Materials,  18,  35  (1990) 

(2)  R  People  et  al ,  Appl ,  Phys  Lett.,  1 122  (1992) 
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ABSOLUTE  MEASUREMENT  OE  THE  LATTICE  PARAMETER  OF 
PERFECT  DIAMONDS  BY  THE  DIVERGENT-BEAM  (PSEIJDO-KOSSEL)  X- 

RAY  METHOD 


A.R.  Lang  and  G.  Pang 

H.H,  Wills  Physics  Laboratory,  University  of  Bristol, 

Tyndall  Avenue,  Bristol  BS8  ITL,  England 

A  modern  embodiment  of  the  classic  work  of  Lonsdale  (1947)  has  been  developed  and 
applied  to  natural  and  synthetic  diamonds  that  have  been  fully  characterised  by 
modem  methods  such  as  X-ray  and  cathodoluminescence  topography,  and  Fourier 
Transform  infrared  absorption  spectroscopy.  The  specimen  volumes  studied  are 
dislocation-free,  with  damage-free  polished  surfaces,  and  have  been  demonstrated  to 
possess  high  homogeneity  of  impurity  content  together  with  high  long-range  lattice 
perfection.  The  integrated  intensity  of  Bragg  reflections  from  such  perfect  diamonds 
is  probably  at  least  UK)  limes  less  than  from  those  diamonds  studied  by  Mrs.  Lon.sdale. 
Consequently,  special  techniques  have  had  to  be  introduced  to  cope  with  such  weak 
patterns.  Following  her  method,  we  study  transmitted  divergent  beam  patterns  in  the 
vicinity  of  certain  Kossel  cone  intersections  where  the  pattern  is  very  sensitive  to  small 

variations  in  the  ratio  X/a,  X  being  the  CuKai  wavelength,  and  a  the  diamond  lattice 
parameter  (Kossel  1936). 

In  our  experiments  the  specimen  is  placed  in  the  specimen  chamber  of  a 
scanning  electron  microscope  (SEM).  This  instrument  has  proved  well  suited  for 
generating  divergent-beam  X-ray  diffraction  patterns  (Tixicr  and  Wach^  1970, 
Dingley  1978),  Characteristic  radiation  of  a  suitable  element  is  produced  by  electron 
bombardment  of  a  thin  film  of  that  element  in  contact  with  the  specimen  crystal.  The 
resulting  diffraction  patterns  are  known  as  'pseudo- Kossel'  patterns,  but  their  geometry 
is  identical  with  those  observed  in  the  original  experiments  of  Kossel  &  Voges  (1935) 
in  which  the  specimen  itself  (e.g.  a  copper  single  crystal)  formed  the  target  of  an  X-ray 
tube.  In  our  experiments  a  2  pm-thick  copper  film  is  evaporated  on  to  the  diamond 

crystal  to  act  as  a  source  of  CuKtx  X-.ays.  Features  of  our  experimental  technique 
include  a)  strict  temperature  control  of  the  specimen  by  means  of  a  miniature  Peltier 
heating/cooling  device,  (b)  a  high-dispersion  camera  providing  an  evacuated  path  of 
7(X)  mm  between  specimen  and  photograph  film  or  plates,  (c)  u.se  of  modern  X-ray 
recording  emulsions  that  combine  fine  grain  size  with  high  X-ray  absorption 
efficiency,  (d)  introduction  of  a  film-stacking'  technique  for  building  up  the  signal-to- 
background  ratio,  and  (e)  digital  scanning  photometry. 

References 
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STUDY  OF  DEFECTS  GENERATED  IN  CZ  SI  DURING  TWO-STEP 

ANNEALING 


M.  L«reld-S<isnowska,  J.  Gronkowski  and  G.  Kowalski 

Institute  of  Experimental  Physics,  University  of  Warsaw, 

00-6, Warsaw,  Hoia  Street  69,  Poland 

The  aim  of  the  study  was  to  detect  and  characterize  defects  generated  in  Czochralski- 
grown  silicon  single  crystals  during  two-step  annealing  processes:  at  1 173  K  for  lhl5m 
and  at  1423  K  for  4  Ins,  6  hrs,  S  hrs  or  10  hrs,  respectively.  X-ray  topography  and 
diffractometry  as  well  as  transmission  electron  microscopy  (TFiM)  were  used  for  the 
inve.sligations. 

Lang  topography  revealed  contra.sts  characteristic  for  .spherically  symmetrical  defects. 
Besides  defects  with  two-  and  six-fold  symmetry  were  observed.  Their  density 
decrea.sed  with  increasing  annealing  time.  The  size  of  their  contrast  was  about  70  /^m 
and  it  tended  to  increase  with  the  anneal  time.  For  a  .sample  annealed  at  1423  K  for  10 
hrs  also  curvilinear  dislocations,  ending  on  microdefecis,  were  detected. 

Investigations  of  the  overall  perfectness  of  the  cry.stal  lattice  in  regions  of  small 
microdefect  density  (or  of  their  absence)  revealed  a  di.stinct  asymmetry  of  the  strain 
distribution.  On  section  topographs  recorded  with  the  symmetrical  220,  440,  660  and 
8K0  reflections  a  clear  pattern  of  the  Kato  fringes  characteristic  for  perfect  crystals  was 
observed,  while  for  the  asymmetrical  333,  444,  5.*!1,  771  and  .S31  reflections  the  strain 
gradient  w;».s  so  strong  that  no  fringes  were  visible.  The  only  exceptions  where  weak 
fringes  were  detectable  was  the  333  reflection  for  the  sample  with  the  shortest  anneal 
time  <if  4  hrs  as  well  as  the  sample  where  stresses  had  been  relieved  by  the  generation 
t>f  dislocation  lines.  Preliminary  high-resolution  diffractometric  investigations  of  these 
samples  revealed  no  important  diffu.se  scattering  for  .symmetrical  reflections. 

TEM  investigations  revealed  the  presence  of  plane  defects  in  the  form  of  dislocation 
liHips  of  a  very  small  density  and  small  size  (0.25-1  pm).  For  the  sample  annealed  at 
1423  K  for  4  hrs  no  defects  were  observed  while  in  the  sample  annealed  for  6  hrs  a 
significant  number  of  larger  defects  (1  /rm)  was  found.  For  the  longest  annealed  (10 
hrs)  sample  where  .strains  were  relieved  by  disliKations  defects  are  very  scarce  and  have 
small  size  (<  0.25  /rm). 
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THERMAL  lXPANSION  AND  COMPRESSIBILITY  OF 
GALLIUM  NITRIDE 
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uLSokolowska  29/37,  01  142  Warsaw,  Poland 

Properties  of  gallium  nitride  are  much  less  known  than  of  other  Ill-V 
semiconductors  (GaAs,  InP,  etc )  This  situation  originates  from  a  difficulty 
to  grow  single  crystals  because  of  a  high  equilibrium  pressure  of  nitrogen. 
However,  recently  gallium  nitride  attracts  a  lot  of  interest,  because  its  wide 
band  gap  (?.4  eV)  makes  it  to  be  a  main  candidate  for  a  construction  of  a 
blue  laser,  other  optoelectronic  devices,  as  well  as  for  high  temperature 
electronics. 

In  this  work  we  present  results  of  measurements  on  gallium  nitride  performed 
by  using  an  X-ray  diffractometry  (Bond  method,  double  crystal,  high 
resolution)  at  a  wide  range  of  temperature  (77-770  K)  and  pressures  (1-8000 
atm).  The  samples  were  in  the  form  of  unique  single  crystals  grown  at 
pressures  of  about  12000  atm  and  temperatures  of  about  1.300  K  and  in  the 
form  of  epitaxial  layers  grown  on  sapphire. 

The  following  physical  properties  of  GaN  have  been  evaluated 

a)  real  structure  of  bulk  crystals 

b)  concentration  of  defects  in  the  layer  induced  by  the  lattice  mismatch  with 
the  substrate 

c)  thermal  expansion  and  how  it  is  influenced  by  presence  of  the  sub,strate 
which  has  a  higher  thermal  expansion  coefficient 

d)  compressibility 

The  results  of  the  structural  examinations  are  correlated  with  the 
measurements  of  electrical  and  optical  properties  of  the  samples. 

Apart  that,  the  work  illustrates  well  the  usefulness  of  X-ray  diflractometry 
combined  with  changeable  temperature  and  pressure  conditions. 
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DISLOC  A  HON  EMISSION  I  NDER  MIXED  MODE  EOADINCi  IN  SILICON 
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**  URA  (.  'SRS  135.  Ecolc  </c'.v  Mines  dc  \’itncy.  Rare  dc  Saurupt.  54042  Sancy  ( 'edex. 

France. 


Stress  roluxation  at  crack  lip  can  he  achieved  through  dislocation  emission,  Because  of 
the  inhomogeneily  of  the  stress  field,  the  choice  of  the  Burgers  vectois  i>f  the  acli\ed  slip 
systems  cannot  be  simply  determined  by  a  Schmid  I'actor.  Some  attempts  base  been  made  to 
pul  forward  a  criterion  based  <m  axeraged  values  of  the  re.sohed  shear  stress  acting  on  the 
dislocation  |1|.  However,  being  not  always  I'ulfilled.  an  other  one.  based  on  the  crack 
shielding  concept  has  been  proposed  |2|.  It  needs  to  be  checked  on  a  wide  variety  ol 
orientations. 

In  order  to  bypass  the  geometrical  limitations  imposed  by  the  few  available 
crystallographic  orientations  (two  possible  orientations  of  the  fhomson  tetrahedron  with 
respect  to  a  j  1 1 1 1  cleavage  planes,  an  only  one  orientation  for  easy  cleavage  along  i  1 10} 
planes)  mixed  mode  loadings  are  required,  hor  the  well  suited  thin  tapered  IH'B  samples 
used  for  such  studies  in  silicon,  it  was  generally  easier  to  develop  mode  I'll  loadings  so  far. 
However  this  paper  will  present  results  obtained  on  1  '  Hi  loading  due  to  a  wairp  of  the  crack 
during  its  low  temperature  propagation. 

1  he  pre-cracked  samples  are  loaded  at  a  temperature  high  enough  I'or  silicon  to  be 
ductile.  The  number  of  active  sources  increasing  rapidly  with  the  stress  level,  a  two  steps 
loading  is  used  in  order  to  develop  diluted  plastic  /ones  :  the  high  load  applied  for  a  minute  in 
order  to  activate  a  few  sources  is  decrea.sed  to  a  low  value  in  mder  to  c.xpand  the  configuration 
of  already  emitted  dislocation  without  further  germination. 

I  his  paper  will  compare  a  plastic  /one.  as  observed  under  pure  mode  1  loading  to  an 
other  one  developed  under  mvides  1  *  111  loadings.  1  he  discussion  of  the  activated  slip 
systems,  as  characlcri/ed  bv  \-Kay  mpography.  will  emphasise  the  relative  contribution  of 
the  two  modes,  through  the  stress  intensity  factors  K|  and  K.|]|. 


jl  I  A.  tieorge.  Ci,  Michot.  Mat.  Science  ling  .A  164.  ppl  18-184. Idh3. 
[21  M.  A.  Loyola  de  Oliveira,  I’hl)  Thesis.  INIM.  Nancy.  Trance.  H'64, 
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X-HAY  DlFFnAC  'l  ION  S  TUDIKS  OF  THK  POHOOS  SI1>I(:()N 

THIN  LAYFHS 


A. A. Lomov,  ■O.Iiollet,  'CLDolino,  ’M.Ligpon 

lii.'ililiili  of  ( If  Arnili  iiiji  t\l  Si'H  lift  >.  Muxotv.  If 

‘  l.tilioni  I  i>i  ri  lit  sjtt  I  I  I'oiii!  I  rit  I'hijsiqiii  .  I  iiinrsili  Just  ph  itm  nt  r .  (iniinlilt.  I'niiiti 

Mil'  l('(■('lll  iliscuvci  y  o|  phol ol II mi iH'smii'c  aii<l  niluiiiiiu'si'ciicc  |n'()|)i'i’l  ii's  in 
poi'iiiis  silicon  (I’S)  lias  pi'odiicnd  .1  meat  iiilficst.  in  j^i-ncral.  tln'sc  pn)|)ci  l  ics  arc 
a1liii)utc(l  to  (pniiilnin  l■olllincmcllI  (dlccis  in  tin*  nanoinci  ric  sixc  ciystaHiiic  in  I’S. 
1  o  I  csl  1  lie  ( pi, nil  mil  (1111  line mci It  liypol  liesis.  ii  is  necessary  lo  del  ermine  I  lie  |)orons 
silicon  p.ilainelers  (si/e.  slia|)e,  delorinalioll.  pol'osily  ...).  I'Ik’  I’S  paiailielers  (size 
and  niorpliolo.i;ical  iiilornial  ions  j  were  olil aiiied  liy  .\  ray  dilinse.  small  aiiL!,le  and 
close  to  lir.iirti,  peaks  seal  I  eriii;f.  However.  iili;li  resolnlioii  Hrai;,H  dill  raci  omel  rv  has 
liei'ii  used  for  I  lie  del'ormal  ion  ev.diialion  oiilw  Hie  aim  of  I  lie  preseiil  \v'ork  is  lo 
start  ,1  (iMiiiil  il  at  i\<'  analysis  ot  iIk'  I’S  layer  (liliraclioii  pe.aks  li\'  nsin.i;  doiiMe  and 
I  ripli'  crysl  a  I  di  II  ract  omel  r\  nie.isiiremenl  s. 

Ml  order  to  have  samples  with  a  miod  ciAslallilie  proper!  les,  low  porosils'  hea\ll\' 
dopcfl  p  silii'oii  samples  (1  •  111  ‘  onia  in.  (  I  (Ml)  orient  at  ion  |  wei'i'  nserl.  I’.S  lavers 
(.m/mi;  from  JO  1  o  (I.O.'f  ymi )  were  produced  hy  a  nodi /a  I  ion  in  a  mi\l  nre  of  hy  droll  nor  ic 
acid  and  ol  eihanol  with  a  coiistani  cnrrenl  of  10  ina/ein  j>i\iiii;  .1  porosilv  oi  lO/l. 
I'or  onr  hijith  resointiun  e.vperinu'iii s.  we  used  llie  HI)  I’liilips  (lillractoineler.  In 
the  lliicker  samples,  narrow  Hran.u,  peaks  wer<'  oli.sei'vi'd  lor  as  t!,rown  samples,  with 
lii'oliles  close  to  those  ol  I  he  d^’iiatnical  diiiraciion  ilieors’.  I'or  lliiii  samples  (in  llie 
0.1  //111  I  an, lie)  the  I’S  Hraiij;  pe/ik  was  not  resoUaal.  bnl  .appcMnal  as  a  shoulder  on 
the  siilisirale  peak:  lliicknes'.  i/ies  were  oliser\'e(l.  sliowiii.i;  tlial  llie  porous  layer 
snrlaces  were  well  (let;'  e  ■  analysis  of  snlnnicroii  l;\\'ers  dilfrai  l  ion  ciiiwes, 

I  he  kiiieni/O  ical  app!  >\\:  used.  |l  was  shown  that .  for  i;ooil  siinnlalioii.  I'S 

kiyer  iiinsi  he  divii'e.l  "ii  I'-e  ,  ni  .and  inlermeir  ite  sulnavers  The  hirst  snhiayer 
ava’i'iiiie  delorm/il  i. '  I  '  |r  Haller  lacloi  were  lonini  lo  he  o  ■  10  '  and  0.0 

aiaairiliiials'.  Ihesei.i  . .  .’i'  iliiekncss  was  nearl\  JO  nm  and  did  iiol  \ar\  for 

the  i  ns'est  iya  I  ed  s.miples  1  lie  I  III  er  inc' I  lal  e  l.ivci's  p.nameleis  \MTe  liilwceii  those 

of  I  he  m.iiii  laicr  ainl  I  he  snh-.t  rate. 
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X-RAY  HIGH-RESOLUTION  DIPPRACTOMETRY  INVESTIGATION  OP 
SULPHUR  IMPLANTED  AND  PULSE  LASER  ANNEALED  InSb  (111) 

SUBSTRATES. 

A. A. Lomov,  V. A. Bushuev 

f  rys  taL  I  C'^yraphy  of  Pu^’Sian  Acadoiny  of 
t-cioricos,  59  L^ni  yin’scy  P*''  .  ,  117333  Moscoii.’,  Russia 

The  triple-crystal  X-ray  rtif fractometry  (TCD)  is  an 
important  tecimique  for  separate  registration  of  the 
diffuse  and  dynamic  components  of  the  total  scattering  as 
well  as  pr'-'cision  measui'ements  of  reflection  curves  far 
away  from  the  exact  Bragg  angle  (triincation  rods  method). 
The  semiconductor  crystals  structure  investigations  are 
of  interest  because  of  their  inflAienoes  on 
electro-physical  properties  'if  these  materials.  The  pulse 
laser  annealing  (PLA)  is  outlook  method  for  a  subsurface 
layer  structure  restoring  and  an  electrical  activation  of 
implanted  impurities.  It  has  many  advantagies  as  compared 
with  the  common  used  thermal  annealing.  The  influence  of 
nanosecond  and  millisecond  PLA  on  implanted  crystal 
structure  was  studied  by  DCD  and  TCD  methods,  but  now  the 
silicon  crystal  PiiA  have  been  studied  more  exhaustive 
only.  There  is  ri'it  at  ail  some  information  about  InSb 
monocrystall  pulse  laser  annealing. 

in  the  present  paper  we  investigate  the  subsurface 
layer  stnacture  distorti':)n  of  sulphur  ion  implanted  (100 

u 

kev,  D=1 0e+17at/cn0  )  ;and  pulsed  laser  annealed  (ne  lim 

o 

laser,  ions  duration,  Q=0.1--0.<?  J/cm^"  )  InSb(111)  crystal 
at  300K  an<.i  77K  temperaturies  by  X-ray  high-resolution 
techniques.  It  has  been  shown  that  this  Implantation 
leeds  to  full  amorphous  layers.  After  PLA  0.9mkm 
thickness  liquid  phase  epitaxial  layer  with  decreased 
(-1.6e-3)  lattice  spase  and  with  low  dislocation 
densities  was  is  creat-ri  at  room  temperature.  This  PLA  at 
77K  is  enough  for  solid  phase  epitaxial  layer  regrowth 
with  low  crystal  perfect i'cn. 
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APPLICATION  OF  MULTIPLE  GROOVE  CHANNEL-CUT  CRYSTALS  IN 
HIGH-RESOLUTION  X-RAY  DIFFRACTION 


N  I.oxiov,  B.  K.  raniii^i+  and  D.  K.  Bowen’*^ 

Ri’tie  Scientific  Instruments.  Lindsey  Park,  Rowhum,  Durham  DH6  5PF,  U.K. 

Also  Department  of  Physics,  University  of  Durham,  South  Road,  Durham, 

DHISLE.U.K. 

*  Also  Department  of  Euftineeriufi,  University  of  Warwick,  Coventry,  CV4  7AL.  U.K. 

linlJi  in  tJie  dnuble  and  triple  axis  X-ray  diffraction  cttnfiguralions,  a  major  requirement 
is  to  switch  between  X-ray  optical  settings  of  different  angular  range  and  wavelength 
bandpass,  This  is  generally  achieved  either  by  changing  beam  conditioner  and  tmalyser 
crystals  or  ch;uiging  the  rellections  without  replacing  the  crystals.  We  have  adopted  a 
new  approach  which  exploits  the  facility  to  alter  the  angular  acceptiuice  and  divergence 
of  a  channel  cut  crystal  by  clnuiging  the  imglc  of  cut  with  respect  to  the  diffracting 
planes  used.  Lor  such  iLsymmetrically  cut,  parallel  channels,  the  input  and  output 
divergences  and  beam  widths  remain  matched. 

In  this  paper  we  describe  the  performance  itf  an  X-ray  optical  element  comprising  a 
single  crystal  block  of  silicon  containing  two  hetun  channels  cut  respectively  parallel  to 
and  from  the  (Oil)  planes,  'llie  device  is  cut  to  such  dimensions  that  with 

CuKa  radiation  the  lieam  nukes  two  rellections  in  the  tisymmetrically  cut  channel 
(iLsymmetry  factor  b  =  2,5)  and  four  rellections  in  the  .symmetricidly  cut  chtuincl. 
Parallel,  lateral,  uanslation  of  the  two  elements  permits  a  very  rapid  switch  between 
high  intensity  and  high  resolution  settings, 

We  have  used  two  of  the,se  elements,  together  with  high  precision  slides,  to  construct  a 
novel.  diiMond  configuration  monochromator.  In  the  high  intensity  setting,  the  luigular 
ouipiii  divergence  l  AVllM  is  I  1.5  arc  sec  with  a  corresponding  dispersion  6^/X  =  1,4 
lO  'P  This  is  veiy  similar  to  that  for  the  Banels  device  which  uses  the  synimeuic  022 
rellcclion  from  gemiaiiium.  When  .set  on  the  peak  ul  the  CuK(X|  line  from  a  fine-focus 
X-ray  tube  running  at  4()kV  .50mA.  the  device  delivers  65(),(KM)  c.p.s.  in  a  beam  of 
dimen.sioii  14  x  0.75  mm’  at  the  sample.  Due  to  the  complementary  nature  of  the  two 
asymmetric  rellections,  the  spatial  width  ol  the  exit  beam  is  the  same  as  that  of  the 
entranci  beam.  In  the  high  resolution  .setting,  reached  by  parallel  lateral  translation  of 
the  two  elements,  the  angular  lAVHM  is  4.4  arc  .sec  and  the  di.spersion  4.^  x  1  ()  ■“’.  The 
miensity,  under  eijuiv.ilenl  conditions  to  that  above,  is  75.000  c.p.s  at  the  sample. 

riie  device  has  also  been  ii.sed  as  a  variable  acceptance  analyser,  which  permits  rapid 
switching  in  resolution  during  triple  axis  reciprocal  space  mapping.  Witli  minimal 
read|ustment,  a  simple  lateral  translation  of  the  analy.ser  enables  the  experimenter  to 
examine  in  detail  specific  features  at  high  resolution  tbut  often  therefore  with  low 
recorded  intensity),  make  a  wider  range  map  with  a  larger  sampling  volume  in 
reciprocal  space  or  perform  an  un-analy.sed  double  axis  measurement.  We  present 
exemphu-y  data. 
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TOPOGRAPHY  IN  COHERENT  BEAMS  OF  A  NEUTRON  INTERFEROMETER 

P.  Lukas',  B.Alefeld"',  A.  Ioffe',  P.  Mikula'  and  M.  Vrana' 

Nuclear  Physics  Institute,  250  68  Pe±,  Czech  Republic 

Inst,  fur  Festkorperforschung,  5170  Julich,  Germany 

HMI,  Glienickerstr .  100,  D-1000  Berlin  39,  Germany 

High-resolution  two-dimensional  position  sensitive 
detectors  permit  to  investigate  the  spatial  intensity 
distribution  in  coherent  beams  of  thermal  neutrons 
outgoing  from  a  neutron  interferometer.  The  detailed 
analysis  of  observed  Moire  patterns  of  an  empty 
interferometer  can  yield  very  useful  information  on 
dominant  negative  influences  decreasing  the  observed 
interferometric  contrast.  Moreover,  in  the  case  of 
sufficiently  wide  neutron  beams  passing  through  the 
interferometer,  the  neutron  "topographic"  experiment  can 
be  performed  when  putting  a  sample  into  one  of  coherent 
beams  between  the  interferometer  slabs.  The  resulting 
topographs  may  exhibit  a  contrast  being  sensitive  to  the 
relative  neutron  phase  shift  AI>=pAt  (p  -  scattering  length 
density,  A  neutron  wavelength,  t  -  neutron  path  in  the 
sample)  introduced  by  passing  one  coherent  beam  through 
the  sample.  Thus,  the  phase  topography  gives  information 
on  local  variations  of  both  thickness  and  scattering 
length  density  of  a  tested  sample.  It  may  be  of  a  great 
importance  for  current  interferometric  experiments 
determining  precise  values  of  neutron  scattering  lengths 
of  nuclei.  Some  computer  processed  topographs  of  an  edge 
shaped  Ge  waffer  and  an  isotopic  pure  sample  of  ''°^Pb  will 
be  presented.  The  results  were  obtained  on  interferometric 
facilities  in  NPI  Rez  and  HMI  Berlin. 
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riMK  RKSOLVKD  IN  VKS I  K;A HONS  OI<  nilN  OROANK  I  ILMS  HV 
MI  ANSOK  KNKRGV  OISPKRSIVK  \-RA\  RKI  LK(  TOMF/l  RY 


VV.  Mahler,  Th.  (leuc  anil  F.  Pietsch 

lii.\litiii Jiir  I'i’Mkorpcrphwik.  Ihiiwrsiliu  I’olscktm.  I'otsiUtm.  (Icrnuiny 

The  total  thickness  and  the  periodicity  of’ lamellar  films  has  been  evaluated  by  measuring 
the  X-ray  rellcctivity  l-'or  this  purpose  the  angular  dispersive  technique  is  olk*n  applied 
Another  way  to  determine  X-ray  scattering  spectra  is  the  energy  dispersive  technique  In 
this  case  the  angle  of  incidence  remains  constant  and  the  reflected  intensity  is  detected  in 
dependence  of  the  energy  using  a  Si(l.i)-detcctor  and  a  multichannel  analyzer  Tor 
(|uantitative  evaluation  the  measured  spectrum  has  to  be  corrected  by  the  detector 
sensitivity  and  the  energy  dependent  absorption  of  sample  and  air.  This  restricts  the 
accuracy  for  measurements  on  the  absolute  scale  The  advantage  of  the  energy  dispersive 
system  is  the  possibility  to  use  the  whole  X-ray  spectmm  Due  to  the  lived  angle  i'*' 
incidence  the  illuminated  area  does  not  change  during  the  measurement  Periodically 
repeated  measurements  of  about  a  few  minutes  are  sufficient  to  get  statistical  reliability 
for  time  resolved  processes  like  melting  (»r  rearrangement  phenomena  in  organic 
multilayers 

The  application  of  the  energy  dispersive  method  is  demonstrated  at  two  examples:  the 
evaluation  of  phase  transition  kincticts  in  multilayers  of  fatty  acid  salts  (Ref  [1 1)  and  the 
investigation  of  photoinduced  sinictural  responses  of  thin  organic  films  built  up  by  an 
amphotropic  az.obenzcnecopolymer  (Ref  [2)),  In  both  cases  the  have  been  prepared  by 
the  l.angmuir-Dlodgett  technique  The  scattering  spectra  have  been  recorded  in  several 
time  intervals  at  fixed  icmperalures  I 

Tor  I.H-films  of  fatty  acid  salts  T  has  been  fixed  to  f  T.s-AT.  where  Ts  is  the  melting 
tcmperaiure  and  ,\I'  has  been  set  to  f  12  K.  One  can  observe  a  time  dependent 
disappearing  of  the  mean  structural  peaks  of  the  initial  I.H-phase  Alice  about  two  hours 
new  Dragg  peaks  appear  which  correspond  to  a  lamellar  spacing  smaller  than  in  the  LB- 
phase  The  time  constant  of  the  phase  transition  depends  on  the  temperature  and 
disappears  at  Ts 

Thotochromic  copolymers  with  rod  like  azohenzeue  units  as  side  groups  show  interesting 
changes  of  the  supramolecular  structure  on  annealing  and  on  irradiation  with  l.)V'  and 
visible  light  Upon  illiiminaiion  in  the  UV  range  one  can  observe  a  reorganization  of  the 
initial  LB-  film  into  a  new  phase  I'he  intensity  ofthe  respective  Bragg  peaks  depends  on 
the  temperature  and  the  wavcienght  of  irradiation  This  can  be  interpreted  by  a  lateral 
melting  or  growlh  of  domains  in  the  film  The  activation  energy  of  this  process  can  be 
obtained  by  time  and  temperature  dependent  measurements  of  peak  intensity 

|l|  W  Mahler,  f  A  llabcrka.  U  I’lcisch  li  HUluK'and  II J  Meric, 

Tiiin  Soiid  films  l'>'>4.  submilled  Cor  publication 
|2|  G  M6biU5.lJ  Picl.sch.  Tli  Gcue.  J  Slumpe.  A  Schu.stcr  and  H  Ringsdorf; 

Thin  Solid  Films  IW4.  in  press 
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X-RAY  RKFRAC1ION  INTROSCORY  OK  I  HK 
B lO LOG IC A L  O B.1  KC  l  S 

A.A.Miiniishkin,  N.L.Mitrofanov,  K.M.Podurets,  V.A.Sonieiikov  and  S.S.Shilstcin 

RS('  "Kiirchalov  Itislilufu",  1 23 1 fi2  Moscow,  Russia 

Method  of  refraction  X-ray  introscopy  was  proposed  by  authors  in  [1,2]  Method  is  based 
on  the  use  of  the  double  perfect  crystal  setup  with  the  object  placed  between  the  crystals 
and  the  image  taken  in  the  non  refracted  beam.  In  this  case  the  structure  of  very  low 
absorbing  details  could  be  obseivable  as  contrast  for  the  conventional  X-ray  introscopy.  In 
the  present  work  this  method  was  performed  with  the  help  of  the  channel-cut  crystal  with 
wide  channel  and  the  scanning  technique  which  is  used  in  topography.  Images  of  model 
and  real  biological  objects  were  obtained  at  the  Mo  Ka  radiation  and  angular  resolution 
about  1  second  of  arc.  Both  photo  registration  and  computer  controlled  TV  detector  were 
used.  The  observed  and  calculated  contrast  were  compared  for  the  model  objects  with 
diflereiu  si/e  and  refraction  index  fur  both  types  of  registration  i•■easibility  of  method  with 
the  use  of  multibeam  dilVraclion,  which  is  essential  for  SK,  is  analyzed  In  this  case 
simultaneous  registration  of  several  projections  is  possible  Possibility  of  the  use  of  this 
method  for  hard  radiation  (about  .lOkeV)  is  discussed. 

[1] ,  K  M.I’odurels,  V.A.Somenkov  and  S.S.Shilstcin  /.hurnal  tckhnicheskoj  fiziki  59 
(1989)6,  1  l.V 

[2] .  V.A  Somenkov,  A.K.Tkalich  and  S.S.Shilstcin.  /hurnal  tckhnicheskoj  fi/.iki  61 
(1991)  11,  197 
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X-RAY  DYNAMICAL  DIFFRACTION  IN  PERFECT 
SUPERLATTICES  IN 

CONVENTIONAL  BRAGG  AND  GRAZING-INCIDENCE 

GEOMETRIES. 

A.V.  Maslov,  O.G.  Melikyan 

Institute  of  Crystallography  of  Russian  Academy  of  Sciences, 
Leninskii  pr.  59,  1 17333  Moscow,  Russia. 

A  new  approach  for  description  of  dynamical  diffraction  in  ideal 
superlattices  (SL)  is  considered.  The  proposed  method  differs  from 
the  existing  ones  and  is  based  on  fundamental  Bloch  theorem.  In 
accordance  with  this  theorem  fundamental  solutions  of  wave  equa¬ 
tion  in  periodic  media  for  arbitrary  value  of  z  must  sati.sfy  the 
following  equality: 

Do.h  (z-t-T)  =  pDo,h  (z), 

where  Dq^^  (2)  amplitudes  of  the  refracted  and  diffracted 

waves,  respectively;  T  is  the  period  of  SL  and  p  is  called  multi- 
plicator.  In  conventional  geometry  the  Bloch  theorem  is  applied  to 
the  solutions  of  Takagi-Taupin  set  of  differential  equations  and 
the  whole  problem  of  diffraction  in  SL  reduces  to  determination  of 
eigenvalues  and  relevant  eigenvectors  of  a  2  x  2  matrix  /!/.  In 
grazing  incidence  geometry  the  reduced  set  of  Maxwell  equations  is 
used  and  all  operations  are  performed  with  4x4  matrices  /2/. 
REFERENCES 

1.  A.V,  Maslov,  O.G.  Melikyan,  Journ.  of  Physics:  Condemsed 
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DYN7U4ICAL  EFFECTS  IN  MAGNETIC  X-RAV  DIFFRACTION  ON 
SPIRAL  MAGNETIC  STRUCTURES:  CAN  THEY  BE  OBSERVED  ? 

V.M. Matveev,  v. Manuilov,  v.v. Matveev 

Zelenograd  Research  Institute  of  Physical  Problems ,  103460 
Moscow,  Russia 

Strong  resonant  enhancement  of  magnetic  X-ray  scattering 
near  the  M  absorption  edges  of  rare  earth  elements 
(0,8  -  1,5  nm)  predicted  in  [1]  is  shown  to  result  in 
drastic  decreasing  of  the  extinction  length  fcr  magnetic 
X-ray  diffraction  in  single  magnetic  crystals.  The  extinc¬ 
tion  length  become  comparable  with  the  absorption  one,  and 
under  such  conditions  it  may  be  possible  to  detect  direct 
dynamical  soft  X-ray  diffraction  on  spiral  magnetic  struc¬ 
tures  (SMS)  (e.g.  in  metallic  Ho,  Tb,  Dy)  in  contrast  with 
"satellite"  kinematical  hard  X-ray  diffraction  on  SMS  [2]. 

As  follows  from  our  accurate  dynamical  consideration 
the  X-ray  magnetooptics  of  spiral  magnets  are  similar  to 
the  visible  optics  of  spiral  liquid  crystals  (e.g.  choles¬ 
terics)  ,  but  the  magnetic  nature  of  SMS  (gyrotropy)  result 
in  more  complex  dynamical  diffraction  phenomena.  Firstly, 
X-ray  diffraction  on  SMS  shows  both  "cholesteric"  and 
"gyrotropic"  features:  two  types  of  reflections  may  be 
served  at  the  different  Bragg  angles  relating  to  "non¬ 
magnetic"  and  "magnetic"  periodicity  of  SMS  (half  a  period 
and  a  period  respectively) .  Secondly,  these  reflections 
have  complex  angular  and  polarization  structure:  there  are 
a  central  region  of  total  reflection  for  any  incident 
X-ray  polarization  and  two  regions  of  .selective  reflection 
of  a  single  elliptical  polarization;  these  regions  are 
either  in  contact  or  separated  by  narrow  windows  of  X-ray 
transparency  depending  on  the  values  of  the  gyrotropy  and 
magnetic  double-refraction  parameters.  Thirdly,  specific 
"elliptical"  standing  waves  are  formed  in  spiral  magnets 
over  this  regions.  The  polarization  control  of  synchrotron 
radiation  using  X-ray  diffraction  on  SMS  is  realizable.  To 
observe  the  dynamical  diffraction  effects  the  experimental 
setup  must  meet  the  requirements:  1  eV  spectral  and  10" 
angular  resolutions. 

[1]  J.P. Hannon  et  al.,  Phys.  Rev.  Lett.  61,  1245  (1988) 

[2]  M.Blume  and  Boon  Gibbs,  Phys.  Rev.  B  37,  1779  (1988) 
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XRD  Characterization  of  III-V  Semiconductor 
Heterostructures  grown  on  (nil)  GaAs  Substrates 


A  M:i/iicl;\s,  M  il;'.  B.,lciriclK'ii,  M, I. Alonso,  niul  K.l’loog 
Paul-Drudc-liistitut t'iir  I'cstkdrpcrclcktroiiik,  Hausvogieiplatz 5-7,  D-lOl  17  Berlin,  Ciernmny, 

In  the  last  years  great  cl'torts  have  been  tnacle  in  tlie  research  ol'  GalnAs/CiaAs 
lieterustructures  due  to  their  importance  for  optoelectronic  application.  Most  oi'  this  work 
concerned  heterostructiires  grown  on  |1()()|  orientation.  However,  new  properties  are 
expected  when  the  growth  is  [lerlormed  on  (nil)  stihstrates,  'riiese  novel  phenomena  mcltide 
larger  critical  thickness  |l,:)|.  ct>rrtigated  interfaces  |3|,  shear-strained  unit  cell  |4|, 
anisotropy  of  the  hand  structure  |5|,  and  htiilt-in  pie/oelectric  fields  |()1.  In  order  to  gel  a 
deeper  insight  on  these  new  properties  a  detailed  study  is  required. 

In  tliis  paper  we  present  our  results  on  the  characteri/alion  of  ln(iaAs/(iaAs  supcrlaitices 
grow'ii  by  Molecular  Beam  Bpitaxy  on  (,iaAs  (nil)  substrates.  During  gnrw'th  in-situ 
characterization  was  performed  by  Reflecium  High  1-nergy  lilectron  Diffraction  {IHIBI-D). 
Po.st-growth  characterization  by  High  Re.solution  X-Ray  Diffraction  (I  IRXRD)  not  only  reveal 
the  high  structural  perfection  of  our  samples,  but  also  confirii's  the  existence  of  shciir  strain 
in  the  (3 1 1  )-.samples.  We  compare  these  results  with  ihemetical  predictions  |7|.  The  substrate 
symmetry  strongly  iiitluences  the  relaxation  behaviour.  (311)  stipei lattices  with  a  largo 
number  ol  periods  exhibit  strongly  ani.soiio[)ic  structural  properties  and  splitting  of  the 
satellite  peaks  not  obserxed  in  the  (llK)i  rclerence  sample. 

'rite  electronic  structure  of  these  low  symmetry  semiconductor.;  dillers  Ifom  the  (U)t)) 
counterpart.  We  |iresent  data  on  the  excitonic  binding  energies  in  (100)  and  non-(l()0) 
samples. 

Our  results  underline  that  diffraction  techniques  reveal  several  novel  phenomena  caused  by 

the  growth  on  substrates  w  iih  low  symmetry. 

|l|  T. Allan,  K.Nishi,  and  S.Sugou.  Appl. Rhys. Lett.  60.  3159  (1992) 

|2|  S.H. Hooper.  1), I. Westwood.  D. A. Woolf.'R.H. William.  J.Cryst.Orwth  127,  918  (1993) 
|3|  R.Not/.el.N.N.l.edent.sov.L.Daweritz.M.Hohenstein,  K.RIoog.  PRL  67,  3812  (1991) 

[41  M,  A.  Tagliente,  L.C'aro,  L.  Tapfer.  R.NOtzel,  A. l'i.schcr. K.RIoog.  MSS6  Garmisch,  1993 
(51  E.C.Valadares,  Rhys. Rev.  46,  3935  (1992) 

(6)  C.Mailhiot  and  D.i... Smith,  Crystal  Properties  and  Preparation  21,  1  (1989) 

(71  L.Caro  and  !,.  Tapfer,  Rhys. Rev,  48,  2298  (1993) 
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X-Ray  Study  of  heavily  Carbon  doped  (la^liii.^As  (xa:0.99) 

/\,Mazucla.s(1.2).  A.Trampcrt(l),  A.l-ischcrl  1 ).  and  K.II.PIo()g(2) 

(1)  Max-Planck-lnstitui  t'ur  restkdrpert'orsclning.  lioisenbergstr.  1 ,  D-7()5bd  Suittgari, 

(2)  Paui'Drude-liistitut  fur  Festkbrperelektronik.  Hausvogleiplatz  5  7,  l)-101 17  lk‘rlin. 
X-ray  scattering  methods  are  of  increasing  importance  for  tlie  investigation  of 
epitaxially  grown  materials.  We  present  an  example  of  how  High  Resolution  X-Ray 
Diffraction  and  Topography  are  applied  to  study  the  high  carbon  doping  of  (ialiiAs. 
Although  Be  and  Zn  have  been  widely  used  as  p-type  dopants  of  GaAs,  it  is  well  known 
that  the  diffusion  of  Be  and  Zn  represents  a  serious  drawback  in  the  performance  of 
devices  that  make  use  of  these  materials.  It  has  been  shown  that  layers  of  GaAsiC  have 
better  properties  in  terms  of  the  device  characteristics.  A  very  high  maximum  doping 
level  of  over  10^'  cm'-'  is  also  attractive.  However,  the  lattice  contraction  due  to  C 
represents  an  important  limitation  because  of  the  relaxation  of  the  layers  when  a  critical 
thickness  is  exceeded.  In  order  to  compensate  for  this  effect  we  propose  the  C  doping 
of  Ga^ln|.,As  with  a  small  fraction  of  In.  layers  with  appropriate  C  and  In 
concentrations  can  be  grown  p.seudomorphically  on  (100)  GaAs  substrates  without 
relaxation.  We  have  grown  a  .series  of  Ga,Ini,,As:('  lavers  by  Molecular  Beam  Hpitaxy 
in  order  to  study  the  incorporation  of  ('  and  the  effectiveness  id  siress  compensation. 
As  C  source  a  graphite  filament  was  used.  The  doping  level  was  in  the  range  1x10''' 

IxlO’"  cm  '.  X-Ray  Diffraction  and  Topography  are  used  to  evaluate  the  structural 
quality  of  the  layers.  A  comparison  with  Trarsmi.ssion  Electron  Microscopy 
characterization  is  also  presented.  We  have  found  that  ('  incorporates  m  the  Ga|.^ln,As 
lattice  on  As  sites  in  tlie  range  of  C  concentration  studied.  The  observed  deviation  in 
the  C  concentration  evaluated  by  SIMS  and  XRD  indicates  that  a  certain  fraction  of  the 
C  incorporates  either  in  interstitial  sites  or  as  clusters.  The  density  of  extended  defects 
revealed  by  XRT  shows  the  effectiveness  in  the  intended  stress  compensation. 
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X-RAY  HOCKING  CURVE  ANALYSIS  OF 
CRYSTALS  WITH  BURIED  AMORPHOUS 
LAYEHS.  CASE  OF  R)N  IMI‘LANTED  SILICON 


S-Milil.a*'*  and  M.  StTvidoid'’’ 

(d)  (  'mi.'ioi  :iii  Ol'ii.L,  .'■s  7  pirMisiiin)!  hiii  ( ‘illinh  lln  Ihnini. 

lirimlisi  (huhi).  I\  )njinnn  i)iiiii!<l  of  Isliluin  l.AMi.L. 

(h)  (  ,  \’iii  (Idhrlli  11)1,  l-.jDI!*))  Ilnlnijiiti  (Hiilp). 

X  liiy  iii<  kiii(;,  i  iirvi’  siiiiuliii.ioii  nl  iin|iliuil<'<l  sili'on  w;is  n'l  rntlv  nscil  id 
invi'sl.iiVili'  I  lir  iliiniJijii’  incMmiilal  inii  wil  li  lll(■|■<'asin);  ion  dusf  |  i .  I  'ni-  low  oi 
iiH'ilinin  inn  mass.  Ilm  maximum  lall.ic('  sl.iain  Wiis  olisi-i  vrd  lo  im  tiMsc  slowly 
in  I  II.'  I  ow  lios.'  raiij!,.'  aiul  to  im<l(’r>><)  a  imi.li  lasl.ci  im  ii'as.’  wlu’ii  llu'  .los.' 
a |i|iroai'li(’s  ami  I'ca.  lies  llic  valiiu  lor  I  liu  loi  iiialion  ol  a  . oiU  iniioiis  sui  l.u  i' 
amoi'|ilioiis  layci'. 

In  a  siiniliii  iiivcsl.ijial.ioii  Ikmc  r('|io|l.u<l,  lli.'  l|(■ml  ol  l.lu'  inicv.ial  o|  tlio 
sl.iain  d(■|)l.ll  pnililc,  as  (l('l.(’|■milm(l  by  ro(  kiii|i»  i  nrvc  simiilal.ioii,  was  aiial  vs.'.l 
as  a  fmu  lion  of  l.lii'  ion  .lose,  It  was  obsi'i  vi'd  l.lial.  1  he  miiiiinmn  dos.'  ablu  i..' 

Iii'odmc  a  Imiii'd  ainoiphous  layur  cnrn’spoiids  lo  idu'  onsoi.  of  I, be  l■('f>i^u’ .d 

fasl.  damagi'  im  r.'a.sc,  , Slat  l  inn  from  l  liis  do.s<>,  Idu'  ll^'l.<■rmimll  mn  ol  I  lii>  peak 
value  ol  I, lie  si  riiiii  depidi  prolib’,  and  lienee  of  il.s  inlej’ial  \.ilm',  is  meamnj’less 
In  fail,  liy  a  si  m|d<’  <1  ill  i  a.  I  ion  model  it.  is  slmwn  I  dial,  layei  aiiioi  pli  iei  i.\  .  an  be 
ib'seribeil  by  sidli.  i.  iil  ly  liinli  values  of  l.lie  sl.alie  I )ebye- W.dlei  fa.  lor  .ind  llial 
1 1  le  rij’dd  ol  1 1  ward  1 1  ,i  iisla  I  ion  ol  I  lie  sm  ia.e  da  maj^e.l  bn  I  •  '  d  I  ■  i  v.‘- 1  .d  1 1  ii.'  I  .i  v  ei 
wil  li  I  I'spe.  I  I  o  idle  snbsl  I  al  e,  iinlmed  by  I  lie  bn  lie.  I  anu'i  plions  lav  <i ,  .  .oi  iioi 
liave  a  .lelinile  vain.',  1  lie  rij!,ii|  Iraiislalion  /',  (liven  l>y  idie  proilo.  i  1..  iwi  .  n 
llie  l  lii.  kiiess  ol  I  111'  ainoi  pilous  lay.'i  ami  l.lu‘  dnmniy  si.rain  valm  ..lii  aiii.  d 
from  loekiniJ,  .  iirve  simnial  ion,  ran  lie  vvriU.eii  as  7'  (n  t  :r)  «/,  wlieie  n  i  ;  an 
ini.eyp'i  (n  --  11,1,',.’,:.,),  I)  '  ,r  1  ami  >1  is  tin'  spaeiiiR  of  Uie  diirra.  lion  [ilam's 
1  Ids  implies  llial,  loi  a  (riven  iiaelion  ./■  of  d,  I  lierr*  exists  a  diserel.e  inliiil.'  sol 
of  /'  values  able  lo  (>,ive  I  lie  same  eab  iilali’d  roekiiiR  eiii've.  I  lie  eondil.ioiis  l.n 
vvlii.  Ii  lids  imlel.eriidnal  ion  .annol  lie  solved  are  disensseil. 

[I|  U,  Hai  and  M.A.  Nieulel.,  ,),  Appl.  I’liys.  70  (1?)!)!)  Ii'19, 

['2)  (1.  llai  ami  M.A.  Nirolel.,  ,).  Ajipl.  I’liys.  71)  (19!)1)  d.'i.'jl. 
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DK  II  RMINATION  01  LATTICK  DISI  ORI  IONS 
IN  KPn  AXIAL  LAVKR  SVSTKMS 


IV  Mock  iiiid  II.  Berger 

/  ■iiiihoItJi  l 'nivL’rsilot  zu  Berlin,  Instiiiit  fur  Pliysik,  InvctliJensirasse  110, 

Berlin  (ieniuiny 

I'lic  liuiii.t;  dislonions  for  two  GaAs  deposit.  in  Si  substrates,  3  5“  and  '  ’  misoricnted 
olT  (OdI)  (rotated  about  (IIO))  have  been  calculated  from  precisely  measured  dif- 
fraetion  angles.  These  angles  were  determined  for  symmetrically  equivalent  reneeiions 
(if  (ia,'\s.  each  four  of  the  type  I  1 7  and  1 1 5,  with  a  precision  of  about  ( I  to  2)  ^  lO  * 

ilegi  ees 


file  reeiprocal  metric  tensors  G*,,  of  the  deformed  deposits  were  calculated  by  solution 
of  the  linear  equation  system 


P,, 

('*n 

Ih, 

2  sin <9  /A)^  - 

6'* 

21 

k, 

[C!*u 

G*J 

W 

( diffraction  angle,  A  wavelength;  /  =  I,  2,  .  ,  8)  From  the  six  independent  compo¬ 
nents  of  these  tensors,  the  following  parameters  of  the  direct  lattice  of  the  deformed 
dep  'liits  are  obtained: 


sample  no  I  sample  no, 2 


rr/nm 

0  566095 

+ 

0  00002 

0.566278 

+ 

0.020003 

/i/iim 

1)  566109 

+ 

0.00002 

0  566220 

± 

0.00003 

c/nm 

0  564640 

± 

0,00002 

0.564413 

± 

0  00003 

fz'deg 

90  0024 

+ 

0  002 

90  0030 

± 

0003 

/i^deg 

89  9953 

± 

0  002 

89.9998 

+ 

0.003 

y/deg. 

89,9942 

± 

0  002 

89  9910 

+ 

0.003 

From  these  results,  it  is  obvious  that  the  deformation  of  the  deposit  is  not  tetragonal, 
but  triclinic  or  monoclinic,  respectively  The  reason  for  that  is  the  existence  of  an 
epitaxial  misorientation  between  depo.sit  and  substrate  lattices  (see,  e  g  ,  [1-3])  in  the 
order  of  magnitude  of  0.l“. 

ll)  B.F  Usher  et  al  .  J  Phys.D:  Appl,  Phys  24,  A181  (1993) 

[2]  K  Bickmann  et  al  ,  J.  Cryst.  Growth  131,  133  (1993) 

[3|  P  Mdck,  J  Mater.  Sci  Eng  B16.  165  (1993) 
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NEW  POSSIBILITIES  OF  THE  RISE  OF  INFORMATIVn  V, 
SENSITIVITY  AND  RAPIDHT  IN  THE  HIGH-RESOLU HON 
TOPOGRAPHY  AND  DIFFRACTOME I  RY 


V.  B.  Molodkin,  S.  1,  Olikhovskii,  E.  N.  Kislovskii,  and  A.  I.  Nizkova 

Institute  of  Metal  Physics,  Ukrainian  Academy  of  Sciences,  Kiev,  Ukraine 

New  possibilities  to  increase  substantially  the  informativity  and  sensitivity 
of  high-resolution  diffraction  methods  have  been  discussed.  They  connected 
with  the  account  and  use  the  new  physical  effects  predicted  by  the  authors  in 
their  variant  of  the  statistical  dynamical  theory  for  single  crystals  with  defects 
in  defects.  Namely,  there  are 

—  extinction  effects  in  both  coherent  and  diffuse  diffraction  intensities, 
which  are  caused  by  the  scattering  on  defects; 

—  effect  of  the  anomalous  transmission  for  the  diffuse  scattering  by  static 
distortions  caused  by  defects; 

—  violation  of  the  total  integrated  reflecting  power  (TIRP)  eonseivation 
known  in  kinematical  theory  in  case  of  dynamically  scattered  cr>'sLals  that 
causes  the  uniquely  sensitivity  of  TIRP  to  characteristics  of  defects.  It  has 
been  predicted  that  such  sensitivity  was  possible  due  to  the  increasing  relative 
contribution  of  the  diffuse  component  into  the  TIRP  by  the  appropriate 
variation  of  crystal  thickness,  radiation  wavelength,  magnitude  of  the 
diffraction  vector,  azimuthal  rotation  angle  in  both  Laue  and  Bragg 
geometries  of  diffraction  that  is  important  both  in  diffractometry  and 
topography. 

—  effects  of  the  non-adJitive  influence  of  combined  distortions  caused 
simultaneously  by  microdefects  and  macrodeformation  on  the  TIRP,  namely, 
the  loss  of  the  TIRP  sensitivity  to  the  deform  ition  (bending)  when  the 
defects  are  present,  the  possible  sign  change  of  their  influence  on  the  TIRP 
value  and  the  increase  of  TIRP  sensitivity  to  defects  with  increasing 
macrodeformation . 

All  the  effects  mentioned  above  have  been  demonstrated  in  the  paper. 
The  necessity  to  account  these  effects  for  correct  interpretation  of 
experimental  data  and  reliable  diagnostics  of  defects  has  been  shown  with 
respect  to  the  traditional  methods  as  well  as  to  the  proposed  new  TIRP 
methods  (so  called  integral  triple-crystal  diffractometry)  which  allow  to 
measure  separately  diffuse  and  coherent  components  of  TIRP. 

Also,  some  other  new  methods  that  use  the  new  effects  have  been 
demonstrated.  The  established  dependences  of  the  effects  mentioned  on  type 
and  characteristics  of  defects  allow  to  increase  substantially  informativity  and 
sensitivity  of  the  defects  diagnostics. 
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DYNAMICAL  THEORY  OF  X-RAY  DIFFRACTION  BY  ELASI  ICALLY 

deformp:d  single  crystals  com  aining  defects 


V.  B.  Molodkin,  S.  1.  Olikhovskil,  and  A.  N.  Kostyuk 

Institute  of  Metal  Physics,  Ukraittian  Aeacleniy  ofScietu  es.  Kiev,  Ukraine 

The  classical  dynamical  theory  developed  by  Ewald.  Bethe  and  von  Utue 
for  perfect  crystals  [I]  is  generalized  for  the  case  of  radiations  diffraction  in 
macroscopically  deformed  single  crystals  containing  randomly  distributed 
bounded  defects.  When  obtaining  the  basic  equations  for  the  Fourier 
transformed  amplitudes  of  wave  fields  from  a  wave  equation,  the  method  of 
fluctuation  waves  of  static  displacements  of  atoms  was  used  [2).  The  solutions 
of  the  basic  equations  for  strong  Bragg  and  diffusely  scattered  waves  have 
been  found  in  the  two-beam  case  of  diffraction  by  using  a  perturbation 
method  [3].  The  application  of  these  methods  in  the  case  of  the 
macroscopically  deformed  crystal  is  possible  due  to  the  "correcting"  change  of 
space  coordinates,  which  provides  the  translation  invariance  'in  average"  (i. 
e.,  after  averaging  over  a  random  distribution  of  defects)  for  the  ciystal  lattice 
in  the  new  coordinate  system. 

The  dispersion  corrections  to  the  wave  vectors  of  strong  Bragg  waves 
have  been  calculated  in  the  two-beam  approximation  what  allows  to  take 
correctly  the  extinction  of  these  waves  because  of  the  dynamical  diffuse 
scattering  into  account.  The  general  expressions  for  coherent  and  diffuse 
components  of  the  differential  reflecting  power  of  the  deformed  crystal  with 
defects  have  been  obtained  with  taking  the  boundary  conditions  for  both 
Laue  and  Bragg  geometries  of  diffraction  into  account.  The  obtained 
expressions  arc  the  absolute  squares  of  the  convolutions  of  the  corresponding 
scattering  amplitudes  in  the  underformed  defective  crystal  and  a  certain 
weight  function  which  describes  the  distribution  of  contributions  from  various 
tie  points  on  the  dispersion  surface  into  the  scattering  amplitude  and  depends 
on  parameters  of  the  macroscopic  deformation.  The  formulae  for  the 
diffraction  intensities  arc  valid  at  an  arbitrary  form  of  the  macroscopic 
deformation  field  satisfying  only  the  restriction  that  its  distortion  tensor 
should  be  small  through  the  whole  crystal. 
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SYNC  HROTRON  TOFOdRAPHlC  STUDIKS  OF  SIN(;FF.('RVS  l  AI, 

SVN THFIIC  DIAMONDS 


M  Mooiv  uikI  Ci  Kow;ilski 

Dt'lhirliiH’iil  Ilf  I’hxsirs,  Royiil  Hclltiwiiy,  Ihiii  i'isilv  nf  l.iiinhiiL 
lfi;luiin.  Surrey  l  \V2()  i'.ii^laiul 
and 

A  P  W  Makc|X‘acc 

Dciuirlmcni  of  Rhysiiilfiiiy.  University  of  lirisiol,  HSS  I'll)  I'.ny^tiiihl. 


Synthetic  diaiiKinds  gmwn  frotn  seed  crystals,  under  conditions  of  high  pressure  ;iiul 
high  temperature,  sometimes  eontain  opaque  particles  a  few  microtnetres  in  diameter 
(called  'clouds').  These  are  of  interest  to  industry  sinee  single-crystal  diamomls,  after 
hi.ser  drilling,  arc  u.sed  in  wire -drawing  applications. 

laittice  misorietitatioiis  atid  strains  were  measured  by  douhle-erystal  synchrotroti  X-ray 
topography  and  by  rocking-curve  analysis,  turning  each  specimen  crystal  through  I 
second  of  arc  intervals.  A  silicon  reference  crystal  reflected  ().96A  radiation  (and  its 
harmonics)  on  to  each  diamond  .specimen.  The  33.1  diamond  reflexion  was  well 
matched  by  the  800  silicon  rencxion  in  a  convenient  non-dispersive  Uragg-I3ragg 
geometry.  (The  Bragg  angles  were  45'^  and  44.42"  for  the  silicon  and  diamond 
respectively.)  The  topographs  were  imaged  by  almost  purely  monochromatic 
radiation,  since  666  is  a  forbidden'  reflexion  for  diamond  and  the  wavelengths 
appropriate  for  higher  harmonics  were  very  weak  in  the  synchrotron  spectrum. 

Individual  topographs  rcvc«led  inclusion.s.  dislocations,  boundaries  and  stacking 
faults;  and  scries  of  topographs  taken  at  succ...  :ve  angular  positions  enabled  growth 
histories  of  the  diamonds  to  be  mapped  from  their  'cloudy'  centres  outwards. 
Rocking  curve  widths  for  entire  specimens  ranged  from  5  to  30  seconds  of  arc 
(FWHM)  for  heavily  'clouded'  specimens.  Rocking  curves  recorded  from  areas 
selected  by  a  translattible  pinhole  of  100  pm  diameter  showed  that  regions  of  crystal 
close  to  the  seed  had  a  rocking  curve  width  of  typically  -‘i’';  and  further  out  there  were 
rcgit)ns  displ.iying  wider  (20"),  and  occasionally  narrower  (4")  rocking  curves. 

The  authors  thank  the  .Science  and  Tiiginccring  Research  Council  for  financial  support 
and  Daresbury  Laboratory  facilities;  and  De  Beers  Industrial  Diamond  Division  (Pty) 
Ltd  for  financial  support  and  the  loan  of  interesting  specimens. 


'H)n  leave  from  the  Institute  of  Lxperimental  Physics.  University  of  Warsaw,  Poland. 
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HIGH  RESOLUTION  X-RAY  DIFFRACTION  AND  X-RAY 
STANDING  WAVE 

INVESTIGATIONS  OF  INDIUM  PHOSPHIDE  CRYSTALS 
IMPLANTED  WITH  Fe+  . 

E.Kh.MukhamedzhanovIa),  A.V.Maslov(a),  R.M.Iniamov(a). 
Yu.V.Yakovchick(a),  C.Bocchi(b),  P.Franzosi(b) 

(a) Shubnikov's  Institute  of  Crystallography  of  Russian  Academy  of 
Sciences,  Leninskiy  pr.  59,  Moscow,  Russia 

(b)  MASPEC-CNR,  Via  Chiavari  18/A,  43100  Parma,  Italy 

Structural  distortions  due  to  various  dose  implantation  of  Fe+ 
ions  in  semi-insulating  crystals  of  indium  phosphide  were  investi¬ 
gated  by  means  of  high  resolution  X-ray  diffraction  and  X-ray 
standing  wave  (XRSW)  methods.  In  frames  of  XRSW  method 
energy- 

selective  photoelectron  emission  from  samples  was  measured.  As 
well  known  71/  photoelectron  yield  has  high  sensitivity  to  total 
displacement  of  near  surface  atomic  planes.  Experimental  arrange¬ 
ments  included  a  triple  crystal  X-ray  diffractometer  and  a  gas- 
flow  proportional  counter  of  photoelectrons. 

For  qualitative  analysis  the  mean  escape  depths  of  photoelectrons 
in  InP  were  found  (few  hundreds  angstroms  depending  on  electron 
energy)  by  means  of  measurements  of  photoelectron  yield  in  gra¬ 
zing-incidence  Laue-geometry/2/.  For  each  rocking  curve  multiple 
minima  corresponding  to  different  distortion  profiles  were  found 
and  some  of  them  provided  practically  equal  values  of  •  Rach 
profile  was  tested  by  calculating  photoeleclron  yield  angular 
curve  and  comparing  it  with  the  experimental  one. 

It  is  shown  that  XRSW  method  provides  valuable  complementary  in¬ 
formation  on  strain  and  damage  in  the  subsurface  layer  of  a  crys¬ 
tal  and  allows  to  distinguish  between  different  distortion  pro¬ 
files  that  give  practically  one  and  the  same  kinematical  diffrac¬ 
tion  intensity. 
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A  |)|)ai'(’iit.ly  I  lu'  si  met  u re  ol  I  lie  litjiiid  -  va.|)(jiii'  iiitcrlaia-  is  I  hirkucss  ilcpcinlcnt 
lor  a.  nil  i.i'l  liin  liliii  i  uiii|>li'l(‘ly  wclUiig  a.  microscopic. illy  tongli  solid  .-.iii  I'.k  c. 
rids  was  si  udic<|  by  x-ray  dill rac.l ion  in  t.lic  region  ol  lolal  cxicrnal  ridii  cl  ion. 

A  silifon  wafer  coN'ered  with  it’s  nal.iv(' oxid<'  layer  is  coinpic'i.ely  wetted  liy 
carhon  letracldoridc'  [l|.  DifiV-reiitial  heating  the  snlistii'.te  surface  rerlative 
to  the  temperature  of  a  liepdd  reservoir  was  used  to  thin  the  liquid  wi'tting 
layiT  [2|. 

Uoth  x-ray  spei  ular  reflectivity  and  surface  diffuse  scattering  were  measured. 
'I'lie  data  are  fitted  by  a  model  within  the  distorted  wave  Born  approximation 
(l)WBA)  recently  formulated  by  Holy  and  Baumbach  [d]  using  one  consis¬ 
tent  s<'t  of  (uirameters.  'The  Ihiunest  lilms  are  constiaiiu'd  to  follow  the 
height  variations  of  the  substrali'  which  is  modelleil  by  a  correlation  length 
perpeiuliciilar  to  the  surface,  for  thick<'r  lilms  this  elh'cl  Ix'coiMes  weaker  j2|. 

rhe  .x-i’ay  measurements  wer<‘  carried  oui  at  ll.'\S^’l..\B  on  the  BWl 
beaniline  with  a  wavelength  of  l.dtitlti.A. 
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X-RAY  TOPOGAPHIC  STLDY  OF  POTASSIUM  M  mAlT:  SINGLE  CRYSTALS 


G.  Neumth*,  H.  Klapper*,  S.  Haussuhl* 

• 

Mmerabgisch-Petrologusches  InstittiL  llmwrsitiit  Bonn,  PopfK’Lsdorfcr  Schlo/i 
D-531 15  Bonn,  Germwty. 

*Instmt  fUr  Kristallographie,  ilniwrsitcil  Kobi.  Ziilpicher  Sirafie,  4Q, 

D-50674  Koln,  Germany 


Potassium  niliate,  KNOj,  crystallizes  in  the  trigonal-rhombohcdral  calcite  and  the  orthorhombic 
aragonite  structure.  The  aragonite  structure  is  stable  below  128°C  with  lattice  parameters 
a  =  5.42  A,b  =  9.l7A,c  =  6.48  A  and  space  group  Pmen  (historical  non-standard  .setting).  Large 
single  crystals  (up  to  50  mm  diameter)  of  aragonite-type  KNO,  were  grown  from  aquwtas 
solution  at  about  40°C  by  slow  evaporation  of  water.  The  crystals  tend  to  develop  parallel 
intergrowlhs  with  re-entrant  edges  and  the  capture  of  liquid  inclusions.  Occasirrnally  thin 
pseudohexagonal  {110}  twin  lamellae,  typical  for  aragonite,  are  observed  with  polarized  light 
and  by  etching. 

Slices  (about  1  mm  thick)  parallel  (100),  (010),  (001)  and  (110)  were  eut  out  of  the  crystal  with  a 
string  saw  and  water  as  solvent  and  polished  on  a  soft  cotton  cloth  soaked  with  water.  The  slices 
were  studied  by  conventional  X-Ray  topography  (lANG  technique)  using  MoK«  radiation  of  a 
rotating-anode  generator. 

The  topographs  show  that  a  rather  wide  zone  surrounding  the  seed  crystal  is  strongly  disturbed. 
Some  peripheral  regions,  however,  arc  highly  perfect,  containing  only  a  few  dislocations. 
Straight-lined  grown-in  dislocations  with  directions  close  to  the  normal  of  the  growth  face 
concerned  or  strictly  parallel  to  directions  (001 1  and  (110]  originate  from  the  disturbed  regions. 
Some  of  them  show  post-growth  movement  by  glide.  Burgers  vectors  (UXlj,  (010)  and  ((Xll| 
have  been  identified.  In  addition,  numeroas  glide  dislocatioas  with  Burgers  vector  ( 1(X)|  (shortest 
lattice  translation)  are  present,  indicating  the  highly  anisrttropic  plasticity  of  KNO,.  Mrwt  of  them 
have  the  shape  of  halfs-loops  parallel  to  the  pseudohexagonal  (001)  plane.  Frequently  they  arc 
arranged  in  columas  of  half-loops  parallel  [100],  the  direction  of  their  Burgers  vector.  The  glide 
is  blocked  by  the  twin  lamellae.  Thus  glide  dislocations  accumulate  along  twin  lamellae  which 
fequently  separate  regions  of  high  glide-dislocation  density  from  dislocation-free  regions. 
Grown-in  dLsIrications  arc  observed  to  penetrate  the  twin  lamellae. 

The  support  of  thus  study  by  the  Stlftung  Volkswagenwerk  is  gratefully  acknowledged. 
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HIGH-RESOLUTION  MAPPING  OF  TWO-DIMENSIONAL  LATTICE 
DISTORTIONS  FROM  TRIPLE-CRYSTAL  X-IiAY  DIFKRACTOMETRY  DATA 

A.  Nikulin,  O.  SukfiOi**,  A.  SLovonBon^^j  y.  WilkiriK*^  nrui 

H, .  JJnBhiKUjnc* ' 

School  >r  Physicit,  The  University  of  Molbournv,  Austrulin 
*1  Research  Laboratory  of  Erifiineerinff  Materials,  Tokyo  institute  of 
Technology,  Nagatsuta,  Midori,  Yokohama  227,  Japan 
*2  Division  of  Materials  Science  and  Technology,  CSIRO,  Australia 

Lattice  distortions  perpendicular  to  the  surface  in  thin  surface  layers 
of  ion-implanted  (111)  silicon  crystals  have  been  mapv>ed  as  a  function 
of  depth  and  lateral  position  with  submicron  resolution.  The  samples 
are  implanted  with  300  keV  B*  ions  to  a  GxlO^^cm"^  dose  through  a 
one-dimencional  atrip  mask  oxide  pattern  with  a  5.83  >u  m  repeat  period 
and  a  4  m  gap  region,  which  produced  a  series  of  sutcllite  peaks  in 
rocking  curves  observed  near  the  111  Bragg  reflection.  Small  areas  in 
reciprocal  space  were  scanned  using  a  triple-crystal  X-ray  diffracto¬ 
meter  at  e  synchrotron  source.  The  intensity  data  were  treated  by  an 
algorithm  [11  which  Fourier  synthesized  ab~initio  solutions  of  the  11) 
inverse  problem  (2).  DaLi  collected  on  the  vertical-wiggler  beamline 

at  the  I'hoton  Factory  to  achieve  0,33  /im  in-plane  and  500  A  depth 

resolutioti  in  the  resulting  maps  show  a  very  thin  damaged  layer  of 
0.15  Mta  ‘.hickness  at  1.05  m  below  the  surface,  in  agreement  with 
Monte  Cr.rlo  calculations!  with  increased  lattice  spacings  normal  to 
the  surface  by  several  parts  in  10*.  The  distortions  are  appreciably 
extended  in  the  lateral  direction  suggesting  diffusion  of  the  enegetic 
ions.  The  0.5  /im-thick  thermal  oxide  strip  is  found  to  contract  the 
normal  lattice  spacing  of  substrate  silicon  crystal  under  the  strip 

region  i'y  a  few  parts  in  10'*  because  of  the  built-in  surface  tension 

(3),  The  model  distortions  were  checked  by  back  contputing  rocking 
curve  profiles  using  the  Takagi-Taupin  formula.  The  use  of  a  four- 
bounce  channel  cut  for  l.ht*  analyzer  crystal  on  the  HIGDIFF'  diffracto¬ 
meter  at  the  Australian  National  Ueumline  Facility  Uni  to  a  reduced 
background,  allowing  one  to  acan  fur  from  the  Bragg  peaks  for  signi¬ 
ficantly  improved  in-pluno  and  depth  resolutions  of  0.22  u  m  and  160 
A  respectively  in  a  surface  layer  ol  1  m  thickness.  A  further 
improvement  in  signal-to-background  ratio  was  achieved  on  evacuating 
the  diffractometer  down  to  1  Torr,  which  promises  a  depth  resolution 
of  50  A  in  the  maps  [4|. 

11]  Goureev  T.E.,  Nikulin  A.,  Petrashen’  P.V.  (1992).  Phys,  Stat.  Sol, 

(a),  130,  263-271. 

[2]  Petrashen’  P.V.  and  Chukhovskii  F.N.  (1989).  Sov.  Phys.  Dokl.  34, 
957-959. 

[3]  Nikulin  A.,  Snkatu  ().,  Hashizume  H.,  Petrashen’  P.V.  (1994).  J, 

Appl,  CrysL  (in  press). 

[4]  Nikulin,  A.,  Stevenson,  A.,  Hashizume,  H.,  Wilkins,  S.,  Cookson, 

D.,  Foran,  G.  and  Garrett,  R.  (1994).  submitted  to  J.  Appl,  Cryst. 
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X-ray  topography  study  of  Highly  Oriented  Pyrolytic  (  Jraphite 


M.  Ohlir  (I.  2).  .1.  hai  uchd  (I).  I’h.  (JaU*/.  <3) 

( 1 )  liSRI''.  HI’  220,  .^804.\  ( ia'iiohle  Ccilc’x.  I'raiK’o 

(2)  Max  F’laiick  Arlx'ilsiiriippe  ..RoniiieiilKiigiini!".  Haiisvogloiplal/  .S-7, 

10117  Berlin.  Gomiany 

E.Sr<F,  BP  220,  38043  Clronohlc  CEDEX.  France 

(3)  Lahoralnirc  Stnicinre  tie  la  Malii^re.  BP  240,  74942  Annecy  le  Vieux  Cctiex, 
l•rance 


Highly  Ohcolccl  Pyrolytic  Graphite  (HOPG)  is  a  very  clTicicnl  anti  well-known  X-ray  ;uk1 
ticutron  iitonodmnnalor  |l|,  ohlainctl  hy  Ihennal  cracking  of  a  hytin)carbt)n  gas  tuiti 
suhsetiucnt  grapliitization  treatment  121.  Tliis  process  leads  to  a  rotational  tii.sorclcr  of  tlic 
graphite  layers,  which  have  only  in  common  llic  c  axis  of  tlic  hexagonal  structure.  But  the 
actual  microstructure  is  .still  a  matter  of  controversy.  Length  :uid  depth  along  tJtc  c  axis  of 
the  ‘crystallites’  extend,  when  consulting  literature,  over  a  wide  range  (Imm  about  0.0  Ipm 
to  100pm).  From  a  diffraction  properties  point  of  view,  tlie  nuxlcl  consistent  witli  mo.st  of 
the  published  results  is  that  of  the  „idcally  impcricct  mosaic  crystal"  [3).  very  far  fmm  the 
nearly  perfect  crystals  usually  investigated  by  topographic  techniques. 

Several  samples  of  different  qualities  (mo.saic  spread  of  the  c  axis  going  fmm  18’  to  more 
tluin  I”)  tuid  pmvided  by  different  manufacturers  were  characterized  by  a  set  of 
experimental  tecttnique.s.  Tlie.sc  included  diffraction  (Laue  technique,  high  rc,solution 
diffractometry)  and  topograliic  tccliniques  (Lattg’s  method,  .synchrotron  radiation 
topography  •  at  LURE  -  pcrfomied  either  by  recording  ‘pmjcction’  topographs,  or  by  using 
the  ‘section’  tmcl  even  ’pinhole’  versions  of  litis  icchique,  which  appear  to  be  useful  in  our 
ease).  Most  of  the  investigations  were  carried  out  using  tlie  only  ‘single  crystal’  rellcctjonj 
produced  by  HOPG  samples,  the  (KX)1. 

nic  HOI’G  topographs  slutw  that:  1)  briglit  ‘spots'  arc  prc.scni  within  the  sample  image, 
elongated  along  tlie  diffraction  vector,  2)  thc.se  ‘s|XU.s’  tio  not  vary  when  the  toptigraplis  arc 
recoaled  on  .several  ixiints  of  tlie  (wide,  about  0.5'’)  mcking  curve,  3)  the  obtained  images 
are  very  deiiendent  utt  tlie  saniitlc  to  lilni  di.siaitcc,  tJic  ‘sixns’  divergence  lx;ing  bigger  than 
tlie  average  mosaic  spread  of  the  .sample. 

Ttic  set  of  obtained  experimcnlat  facts  cannot  be  cxpUiined  by  imxlcls  ba.sed  exclusively  on 
misorienitiiion  distributions  of  the  rcllccting  planes.  An  interpretation  in  tcmis  of 
‘extinction’  appears  sensibe:  relatively  well  crysttUlizcd  gmwth  lubes  arc  sepcralcd  by 
more  defective  borders  of  a  higher  rcllcclivity.  Ttiis  model  can  easily  be  related  to  tlie 
mierosirueiure  of  as-de|»  sited  F^yrolytic  Carbon,  die  departure  material  for  the  production 
of  HOPG.  In  tlie  light  of  ttie.se  results,  additional  information  can  be  gained  on  Uic 
interlayer  .spacing  of  tlie  grapliite  nctplimcs  that  is  found  to  remain  constant  over  distances 
of  .several  micrometers,  litis  may  be  di.scu.sscd  in  the  context  of  graphitization 
mechanisms. 

1 1 1  A.  K.  Freund.  Nuc.  In.si,  Melh..  A242. 28  (1985) 

12)  A.  W.  Moore,  Chem.  Pliys.  Carbon  (P.  L.  Walker  Jr.,  ed.),  11, 69,  Marcel  Dekker. 

New  York  1973 

|31  B.  Ddriier,  A.  Kollniar,  J.  Appl,  Crysl.,  7.  38  (1974) 
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Reciprocal  space  mapping  utilising  a  linear  position  sensitive  detector 

R.  Opitz,  M.  Schmidbauer,  H.  Damcrow,  and  R.  Kohler 

Mii.x-PI(iin  k-Arhcii\i^nipih'  "Rnittf’cnheiit’imi’"  ait  dcr  liunihi>ldt-lh\i\  crsihH  :a  licrUii, 
Haiisvoi’iciplalz  5-7.  D-IOI 17  Hcrlin,  Clcniuinv 


With  regard  to  stiiietural  int'ornialion  of  epitaxial  layers  (laltiee  strain,  relaxation,  inosaieity. 
layer  thiekness...)  so-ealleil  reciprocal  space  maps  provide  the  most  information.  Reciprocal 
space  mtipping  is  usually  carried  out  by  a  triple  axis  arrangement  in  which  the  direction  of  tlie 
diffracted  beam  is  measured  either  with  (a)  a  crystal  analyser  or,  alternatively,  with  (b)  a  small 
slit  located  in  front  of  the  detector.  The  mapping  is  performed  by  a  combined  .scanning  of  the 
sample  and  the  detector  in  such  a  way  that  the  scattering  vector  Q  covers  an  area  in  reciprocal 
space  ("area  scan").  Both  methods,  however,  differ  substantially  concerning  resolution  and 
intensity.  Depending  on  the  slit  width,  method  (b)  provides  a  resolution  of  about  AQ/Q  -  10  '^ 
...  10'-^  which  is  limited  by  the  beam  si/e.  An  analyser,  on  the  other  hand,  improves  the 
resolution  to  lO"-^...  10''^.  However,  the  high  resolution  achieved  is  accompanied  by  a  strong 
intensity  reduction  due  to  the  small  angular  acceptance  of  the  crystal  analyser. 

The  investigation  of  vei7  thin  epitaxial  ftlms  (with  thicknesses  of  a  lew  atomic  layers)  by 
conventional  reciprocal  space  mapping  as  described  above  is  rather  time  consuming,  in 
particular,  when  asymmetrical  rellcctions  arc  investigated.  We  present  here  a  novel 
experimental  method  using  a  linear  position  sensitive  detector  (PSD)  instead  of  a  crystal 
analy.scr  (sec  figure  below).  Diffracted  beams  within  0.5“  ..  1"  divergence  angle  can  be 
measured  simultaneously.  Due  to  the  spatial  resolution  of  the  detector  (1(X)  |im)  a  moderate 
resolution  down  to  10"^  can  be  achieved.  In  order  to  take  advantage  of  this  resolution  the 
horizontal  size  of  the  diffracted  beam  should  be  around  100  |xm.  For  this  reason  tut  asym- 
tnetrical  geometry  with  glancing  exit  is  most  advantageous.  Multi-detection  and  moderate 
resolution  combined  with  a  12-kW  rotating  anode  generator  (line  focus)  ensures  a  considerable 
enhancement  of  intensity  as  compared  with  conventional  reciprocal  space  mapping. 

The  exporimentiil  setup  is  most  suited  for  systems  with  large  lattice  mismatch  between  layer 
and  substrate,  thus  requiring  a  large  angular  range  and  not  loo  high  resolution.  Preliminary 
results  of  .5  and  10  nm  Cie,(Si|  ^  I, (Mi  layers  grown  on  Si  001  (with  x  around  0.K.5)  will  lie 
discussed  and  compared  with  results  obtained  with  a  triple  crystal  anangement. 


rotating 

anode 

X- 


collimator 
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F’l)?./.*  Schematic  view  of  the  experimental  setup  in  a  (m,-n)  scattering’  fteometry.  The  .sample 
and  the  detector  are  mounted  on  a  two-circle  f>oniometer. 


162 


r 

! 


X-R\Y  DIFFRACTION  DlAGNOS  l  lCS  OF  LASF.R 
1 1  ETEROSTRUCTl  I RKS 

K.M. Pavlov,  V.I.Piinegov,  N.N.Falecv' 

Sykt}vl<cv-  Slaw  ( h)i\vrsity  1(^001  Syktyvkar .  Russia 

A. R. Ioffe  Rhysico-Tccluiical  Instilufc,  R)A02I  St.l’ctciwhiiry.  IOis.\ia' 

Usually  X-ray  difTraction  diagnostic  of  multilayer  systems  is  carried  out  without  taking 
into  account  incoherent  scattering  caused  by  defects  The  separation  of  coherently  and 
incoherently  scattered  intensity  enables  to  obtain  the  information  both  on  the  depth- 
dependent  strains  and  statistically  distributed  microdefects.  The  inverse  problem  of  X- 
ray  diagnostics  of  hctcrocpitaxial  laser  structures  is  solved  in  the  framework  of  the 
statistical  dynamical  diffraction  theory,  coheicnt  and  incoherent  parts  of  scattered 
intensity  being  taken  into  account.  The  /V -layer  system  model  represents  alternating 
ci^stalline  layers  Kach  of  the  layers,  say  with  number  n,  is  characterized  by  an  intrinsic 

intcrplanar  spacing  ,  the  static  Debye-Waller  factor/-,',,  and  average  siz.c  of  defects  /■„. 
In  solving  the  inverse  problem  the  laser  structure  parameters  (AlGaAs)  were  found  by 
means  of  misfit  functional  minimization 


A', /■',;••) 

I  I  >1 


where  /<,'■'  are  experimental  and  theoretical 
double-crystal  scheme  reflection  coclTicicnts, 

Rf'  arc  reflection  coenicicnls  a  triple-ciystal 
0-  20  scanning  scheme,  k  is  the  number  of 

experimental  points,  ,V,/V,/'-  are  (tUl)- 
dimcnsional  vectors  determining  Al 
alier  factor  and  the  mean  defect  radius  in  each 
layer,  l■unctional  minimization  of  the  above 
type  involves  considerable  computational 
dilTicultics  due  to  the  multiplicity  of  local 
minima,  a  large  number  of  parameters  and 
the  functional  nonlinearity.  A  direct  search 
method  was  employed,  restrictions  being 

imposed  on  vectors  X,K,r  defined.  The 
profiles  of  the  depth-distribution  Al- 
concentration  ,  the  static  Debye-Waller 
factor  and  the  size  of  defects  were  obtained, 
Fig.  1  displays  calculated  (1)  and 
experimental  (2)  triple-crystal  reflection 
curves.  The  profiles  of  static  Debye-Waller 
factor  (1)  and  Al-concentration  (2)  are  shown  in  Fig. 2. 


concentration,  the  value  of  static  Dcbyc- 
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NUMERICAL  IMACJE  TREATMENT  OF  SYM  lIRO  I  RON  Wlim.  UI.AM 

TOPOORAIMIS 
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The  analysis  of  synchrotron  white  beam  topographs  can  be  greatly  improved  using 
numerical  image  treatments. 

On  line  digitization  and  simple  treatments  during  the  experiment  allow  to  greatly 
improve  the  quality  of  the  TV  images  and  to  follow  images  changes  during  the 
experiment.  For  instance  it  has  been  possible  to  study  the  interaction  of  dislocations  with 
surface  acoustic  waves, 

Fourier  filtering  and  wavelet  analysis  are  efficient  tools  to  restore  and  enhance  the 
quality  of  topographs.  They  allow  to  extract  mote  informtuion  than  provided  with  just  ti 
visual  analysis  of  the  (original  topograph. 

We  have  u.sed  these  treatments  to  prtxicss  topographs  of  surface  acoustic  waves  devices 
and  ferromagnetic  domains  in  Fe-Si  crystal. 

Background  correction  and  feature  enhancement  with  polar  filters  make  possible  the 
study  of  the  distortion  of  the  shape  of  the  acoustic  wave  due  to  crystal  defects.  The 
losses  of  energy  in  surface  acoustic  device  are  also  clearly  visible  in  the  processed 
topographs. 

In  Fc-Si  crystal  topographs  the  contrast  due  to  ferromagnetic  domains  are  masked  by  the 
disorientation  contrast  of  subgrains.  Low-cut  frequential  filters  and  anisotropic  filters 
greatly  enhance  their  visibility,  especially  at  the  subgrain  boundaries. 

A  program  is  now  available  for  images  treatment  and  its  main  features  will  be 
explained  in  a  further  paper. 
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DYNAMICAL  X-RAY  DIFFRACTION  FROM  MULTILAYKR  SYS TF.MS 
WITH  DEPTH-DEPKNDENT  DISTRIHDl  El)  MICRODEFFT  I  S 

V.I.Puiiegov 

Syktyvkar  State  Ihiiwrsity  l6‘G()i  Syktyvkar ,  Russia 

Dynamical  of  X-ray  dilTractton  from  a  nominifunu  crystal  with  dcptli-dcpciulciu 
strain,  concentration  and  si/c  of  defects  is  formulated  by  recursion  formulae  I'he 

amplitudes  of  the  transmitted  /f,',  and  the  diflracted  coherent  waves  tor  layei  w'lth 
number  n  {  \  <iiiN,  N  is  number  of  layers  in  the  multilayer  system  )  in  the  flragg 
case  are 

r)  -  [  7;  /  (X,  -  .V, )]  •  {X,  cxp[/ffj ( c  -  )]  -  X,  cxp[/f,  ( r  -  .% )]} 

-['/,/(X,  -X,)]-{x,A,cxp[//;,(.-  ■  --„)]-X,/r,  exp[//;,(c  rj]} 

where  is  the  coordinate  of  the  layer  with  number  n  X,  (A’„  ,  /)|)exp(/47j, 

X,  ■-{R„  I  -  hj.).  /„  is  the  thickness  of  this  layer,  A, ,  ■  if, ,  /  R„n  ^ ,,  where  is  the 

static  Debye-Waller  factor.  R„  ,  -  /vj"  ,)/74''  'H-%  ,)  is  the  amplitude  reflection 

coefficient  for  the  lower  (« - 1)  layers  in  total;  **,  j  are  the  angular  variable  (other 

notations  see  in  [1]).  7’  is  the  amplitude  transmission  coefficient  for  the  upper  {N  ■  n) 
layers  in  total.  For  /'/-layer  system  the  angular  distribution  of  the  incoherently  scattered 
intensity  emerging  from  the  layer  with  number  n  is  given  by  the  recursion  formula 


/I  " 


”  S  . 


where  ,  is  the  incoherently  scattered  intensity  from  the  lower  {11  l)  layers  in  total 

(notations  for  o,  (/- 1,2,3),  r„  and  sec  in  j  1 1),  Numerical  calculations  for 
theoretical  rocking  curves  and  the  distributions  of  depth-dependent  coherently  and 
incoherently  scattered  intensities  arc  made  for  the  nonuniform  system 

, /l.v  / ( 1 00)r/ad.v ,  where  depth-dependent  concentration  .v  is 


depth  of  this  system 


1  ■♦■://),  /  IS  the  thickness  and  :  is  coordinate  directed 


into  the 


[1]  V.I.Puncgov,  Phys  Stat.Sol  v.l36,  P.9. (1993) 
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THE  SPACE  AND  ANGULAR  DISTRIBUTION  OI  X-RAY 
INTENSITY  IN  LAUE  DIFFRACTION  IN  REAL  CRYSTALS 


A.  V.  Pushkarcv 

Instilutc  of  Physics  of  Soliils  uiul  Sriiticoiidiicityrs  AcLitictny  of  Scii'iicc, 

P.  Brouki  17,  220072  Minsk,  Belarus 

It  is  recognized  that  in  the  limits  of  the  kinematic  scattering  model  of  the 
crystal  the  refractive  index  of  X-rays  is  constant  and  equals  1.  According  to  the 
dynamical  theory  the  refractive  index  of  X-rays  varies  in  X-ray  diffraction  in 
perfect  crystals  in  the  Bragg  scattering  curve  region  which  allows  one  to 
determine  the  dependence  between  the  incident  and  scattering  angles.  The 
behavior  of  refractive  index  of  X-rays  in  diffraction  in  real  crystals  is  of 
significance.  The  objective  of  the  present  work  is  experimental  study  of  space 
and  angular  distribution  of  X-ray  intensity  in  Laue  diffraction  in  real  crystals  as 
a  function  of  angular  deviation  (e)  from  the  exact  Bragg  position.  'I'he 
investigation  was  carried  r  on  lithium  fluorine  single  crystals  with  various 
dislocation  density  (Nj).  The  study  was  made  on  double  and  triple  crystal 
spectrometers  in  the  Cu  Kd  radiation,  with  perfect  germanium  crystals 
(reflection  333)  serving  as  the  monochromator  and  analyzer.  The  experiment 
consisted  in  the  following.  The  slit  moved  sequentially  in  the  horizontal  direction 
across  the  diffraction  beam  and  was  fixed  at  certain  point  /.  In  this  case  a  region 
was  picked  up  from  the  diffracted  beam  cross-section  at  the  given  e  value  for 
which  the  direction  of  diffraction  (9,)  was  determined  with  the  help  analyzer. 
These  experiments  allowed  us  to  determine  also  the  space  distribution  of  the 
diffracted  beam  intensity.  Fig.  shows,  by  way  of  example,  the  results  of 
investigation  for  e  «  0  and  Nj  ■  3‘10^  cm  ^  where  1  -  the  diffracted  beam 
intensity  distribution,  -  the  angular  position  of  the  center  of  gravity  of  reflec¬ 
tion  curve  of  the  analyzer,  W  -  the  integrated 
width  the  reflection  curve  of  analyzer.  I’he 
analysis  of  the  results  obtained  showed  that 
the  integrated  characteristics  change 
es.sentially  depending  on  e  and  I.  Thus,  at  the 
given  value  of  the  deviation  angle  from  the 
Bragg  position  for  various  regions  of 
diffracted  beam  the  X-rays  are  scattered  at 
different  angles.  This  evidences  that  for 
different  ranges  of  real  crystal  at  the  given 
value  of  e  the  X-rays  have  different  refractive 
indices.  The  change  of  refractive  index  has 
been  estimated  for  different  e  values. 
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r  stkuci  urk  of  cas  r  silicon 

AND 

ovfr(;rovvn  homokimtaxiai.  lpf  lavfrs 


U.  Fiaidl  and  W.  Miililing 

Max-Planck-Arhcilsfiruppc  '’R(iiilticnh('iif>ioi!i  an  ScliiclusyMi  iiuiii"  an  tier  UnnihoUJi 
UniversiUit  zu  licriin,  Han.wo^iinplatz.  5  -  7,  D-IOIl?  lierlin 


Cast  Silicon  is  among  tlic  many  substances  whicli  arc  tested  in  searcli  for  low  cost  solar 
energy  conversion.  We  have  accompanied  attempts  to  grow  thick  silicon  LPE  layers  with 
improved  electrical  parameters  on  two  types  of  cast  material:  SILSO  ( lO''’  B  •  cm  ')  and 
SlTlXdO''^  B  .  cnr^). 

Both  materials  consist  of  randomly  oriented  grains  ranging  from  a  few  tenths  to  .several 
1 0  mm^  in  lateral  dimensions.  Most  grains  contain  twins  in  varying  numbers  and  sizes.  The 
average  dislocation  density  is  lO-*'  -  !(/’  •cm"-  within  the  grains.  In  SllSO  the  dislocations 
are  often  arranged  in  a  cellular  structure  and  in  small  angle  boundaries  as  revealed  by  XRT 
and  by  etching.  In  SITIX  elongated  dislocations  arranged  in  bushels  and  bundcis  are  pre¬ 
vailing  which,  according  to  TEM,  arc  helical  in  nature  and  decorated  with  particles. 

The  dislocation  arrangement  extends  practically  unchanged  into  the  Bpilayer  for  SILSO. 
No  helical  dislocations  arc  observed  in  layers  grown  on  SlTlX.  Due  to  the  high  dopant  con¬ 
centration  of  this  latter  .sub.strate  a  high  density  of  misfit  dislocations  is  generated  occasion¬ 
ally. 

In  layers  grown  with  low  supcrsaturaiion  single  dislocations  do  not  generate  EBIC  con¬ 
trast. 
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X-RAY  DM  1  KACTION  DIS  l  INCH  IONS  IN  TH L  A( OLJS  I  K  A1  ,LY 
EXC  ITED  CRYSTAL  WITH  M K  RODCEECTS. 


Raransky  M.D.,  I'odchuk  I.M..  Novikov  S.M..  Korovianko  O.J. 

C  ficrnivtsi  SIliu'  Uni\'irsity,  C/urnivtsi.  Ukruuui. 

0i\  the  base  of  results,  determined  friim  Takagi  equations  lUiMierieal  solutions, is 
shown  ihe  opportunity  of  ultrasound  utiliziition  like  off-beat  sounder  for  eontrast 
increasing  of  mkiodefeets,  not  visible  in  common  conditions  (ri,  =  0.  U)  mkm),  and 
its  diffraction  region  size  increasing.  It  is  shown,  that  the  ultrasound  excitation  can 
substantionally  change  the  diffraction  image 

size  (E'ig.l).  This  can  be  attributed  by  the  Wok„  (lieo)  t  ::23«inkB  t,:=ioBkB 

intensity  redistribution  inside  the  crystal  in 
dependence  of  amplitude  value  W,  that  couses 
the  microdefects  diffraction  image  change. 

C' 

When  W-  0.05  A  one  can  see  the  diffracted 
beam  background  interi‘'ity  decreasing  by  10 
tiroes  and  t'  e  microdefect  direct  image 
contrast  V 

increasing  from  0.3%  to  110%  tFig.  Ib,c). 

0 

When  W=<t.lA  one  can  see  R(,  decreasing  by 
.15%  and  V  increasing  up  to  1.5%  (Eig.ld). 

On  t.  ;  Fig.  Ic  diffracted  w.,ive  intensuv  i  t'achs 
the  same  limits,  that  during  cxcitaii.in  point 
evaluation  on  Ibe  hill  of  the  reflecting  .:urve 
(Fig. la),  w-.icre  V  has  the  same  value  (~9%).  Besides,  at  given  W  value  Ihe  image 
direct  compo -'.ni  contrast  reversal  occurs.  Consequently  the  X-Ray  diffraction 
intensity  oscillating  dependence  on  ultrasound  amplitude  can  be  utilized  for 
microdefects  image  fine  structure  reveal  and  contrast  increasing. 
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X-RAY  T()>  IXJRAIMIIC  INVIvSTKI  A  HON  OK  a-l,iIO^ 
IJNDKR  DC  OR  AC  KLKCTRIC  KIKLD 


P.  Rcjmankova"*,  ,1.  Haruchcl"’,  .1.  Kulda'’',  R.  I'alonK/.uk'-'',  R.  Salcc'  *' 

nr  220.  JS042!  CrmohU-  .  l-'rancc  '''ILL.  I5()X.JS()42  Grenoble 
'^'CLA  /  Dep.  neelierehe  I onduinenttile  sur  la  MatiLre  Comlen.see.  .ISI}54  (lren(>hle 


Several  single  crystals  such  as  quartz.  KOP,...  change  their  behaviour  if  a  static 
electric  field  is  applied.  This  is  also  true,  even  in  a  more  spectacular  way,  for  single 
crystals  of  a-LilOv  Under  an  electric  field  (lO^-KP  V/cm)  applied  parallel  to  the  c- 
axis,  the  Bragg  diffracted  ititensity  for  neutrons  is  multiplied  by  a  factor  varying  from  2 
to  10  and  enhancetiients  in  optical  diffraction  and  changes  in  dielectric  behaviour  have 
l>een  reported  1 1,21. 

The  X-ray  diffracted  intensity  of  some  Bragg  icfiections  is  also  mcxlified  by  the 
application  of  an  electric  field  (an  enhancement  of  the  diffracted  intensity  in  the  low 
absorption  case)  and  traverse  topographs  show  many  fine  lines  parallel  to  the  c-axis. 
Previous  investigations  1 3,4|  of  this  behaviour  under  different  experimental  conditions 
suggest  a  mechanism  for  this  electric  field  induced  reduction  of  crystalline  perfection. 
The  ionic  conductivity  of  a-LilO^  is  non  homogeneous  over  the  crystal  and  occurs 
through  "channels"  parallel  to  c-axis.  A  gradient  of  lattice  distortion  is  establi.shed 
between  these  channels  and  the  remaining  part  of  the  crystal,  leading  to  a  mexiified 
Bragg  reflectivity. 

Up  to  now  the  enhanced  reflectivity  was  related  to  the  fine  lines  on  topographs, 
The  present  work  ba.sed  on  section  topographs  (fig.l)  shows,  that  these  siriations  are 
only  a  secondary  effect.  The  majority  of  the  enhanced  diffracted  intensity  appears  to 
come  from  small  areas  of  crystal  which  form  'planes’  nearly  parallel  to  the  c-axis  and 
the.  main  surfaces  of  the  sample  and  which  seem  to  correspond  to  growth  bands. 

The  influence  of  the  electrodes  used  is  also  discussed.  We  finally  describe  and 
compare  the  results  of  topographic  experiments  and  conductivity  measurements  under 
an  idternating  electric  field,  which  are  in  qualitative  agreement. 


I'ig.  1 :  Scvium  io[xigrapti.s  of  1,17  rclleciiuii,  X=0.4A,  pt=2,2  (p  is  ahsorpiioii  ciK’ITiciont 
ami  i  ilmkrioss  i)(  ihc  sample) 

a)l'.:ai  limn 


cor 


h)  >'.=  I2(IV/eni 
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SI. TASIj  COMPOSITK  STUDIKS  HY  SYNCHROTRON  RADIATION  WHITK 
BKAM  TOPOIiRAl'HY  AND  MUI/HPLK-AXIS  DIKFRACTOMKTRY 


Z.U.  Rek\  S.R.  Stock^,  M.  0(M)rsk.v’ 

1 .  Stanford  Synchrotron  Radiation  Laboratory,  Stanford,  Ca  94309 

2.  Georgia  Institute  of  Technology,  Atlanta,  Ga  30332 

3.  University  of  California,  Los  Anyteles,  Ca  90024 

The  eutectic  composite  TaSi2/Si  can  be  grown  in  the  form  of  a  single  crystal  Si  matrix 
with  rods  of  the  silicide  phase  grown  parallel  to  the  crystal  growth  direction.  The  rods 
generally  have  a  high  degree  of  preferred  orientation  relative  to  the  matrix,  and  the  matrix 
is  highly  dislocated  (by  bulk  silicon  standards).  Rod  diameters  of  about  1pm  and  inter-rod 
spacings  on  the  order  of  lOpm  are  typical  in  the  TaSij/Si  system,  and  double  crystal  rock¬ 
ing  curves  of  the  Si  matrix  are  many  times  broader  then  those  of  dislocation-free  Si.  On  a 
scale  of  lOOpm  and  above,  however,  the  composites  are  suprisingly  uniform.  This  sug¬ 
gests  that  TaSi2/Si  crystals  might  be  u.seful  as  wide-band  pass  x-ray  monochromators  or 
analysers. 

In  this  paper  we  report  characterization  studies  of  a  number  of  TaSi2/Si  composites  and 
also  preliminary  results  obtained  using  the  composites  as  monochromators  or  analyzers. 
The  composites  have  been  examined  to  date  with  techniques  which  include  polychromatic 
and  monochromatic  x-ray  diffraction  topography,  x-ray  double  axis  diffractometry  and  tri¬ 
ple  axis  diffractometry. 
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A  VIBRATINCi  MONOCHROMATOR  lOR  THK  K.S.R.K.  '  lOlMXJRArilV 

hfamiim; 


C.  Rc'vol’,  ,1.  Baruchcl',  1).  Bollel''’,  (J.  Marol'.  P.  riu'vt'iu'au'.  1'.  '/.onloiu*' 

/ )  European  Synchrotnin  Radiaiioii  Ea.  iliiy.  HI’  '20.  .'SiU.f  (i/enohle.  I'riinee 
2 1  Lahoraunre  dc  Spi’Ctronieirie  l’li\  aipie.  HP  R7.  .^.S042  Saint  Martin  il' llcre.\.  i'rance 

The  small  size  vif  the  sources  (-0.2  iiinO.  (he  small  divergence  (-10  “*  in  (he  vertical 
plane)  and  high  tliix  of  the  X-ray  beam  arc  prominent  features  of  the  r.SRI-,  This  oj/ciis  new 
possibilities  for  diffraction  topographic  techniques.  The  waty  we  have  chosen  to  take  advantage 
of  these  features  is  to  build  a  long  (140  m),  wiggler,  beamline,  the  1019  E.S.R.F. 
"Topography  "  station  1 1 J,  allowing  a  homogeneous  beam  of  -40  mm  *  14  mm. 

It  appears  under  these  conditions  that  the  exposure  time  to  record  a  topograph  (-0.1 
sec)  will  be  considerably  reduced  when  working  at  the  1D19  station.  In  addition  both  the 
angular  divergence  oh  and  spectral  spread  \l-!/f(  of  the  moiavhromatic  beam  reaching  a  iMiint  of 
the  sample  will  be  <  10  even  when  using  a  simple  monochromator  (as  opposed  to  a  multiple 
crystal  one).  These  60  and  are  very  convenient  for  some  applications,  but  not  big  enough 
for  others  (slightly  distorted  crystals,  phase  transitions,,.,).  In  addition  the  diffracted  energy  is 
a  function  of  the  position  within  the  monochromatic  beam  section  (  wavelength  dispersion"), 

A  solution  to  overcome  the  insufficient  range  of  energy  and  the  wavelength  dispersion, 
is  to  change  periodically,  as  a  function  of  time,  the  Bragg  angle  On  of  the  monochrotnator.  "Vhe 
oscillation  of  the  monochromator  around  the  vertical  axis  .shoultl  he  such  that  several  periods 
are  included  in  the  exposure  time:  this  implies  a  freriuency  range  up  to  2(K)  Hertz,  a  value  which 
is  substantially  higher  than  previously  |21, 

We  have  tested  several  options  to  vibrate  the  0..^  mm  thick  silicon  monochromator 
diffracting  in  the  transmission  "Lane"  mode.  A  piezwlectric  device  appears  to  be  unable  to  give 
the  required  amplitude,  and  heats  when  used  during  e.xtendcd  periods  (-  10  minutes),  A  "(jtxtr 
bell"  like  coil  .solves  the  atnplitude  problem  but  presents  a  non  reproducible  rest  position,  partly 
due  to  the  friction.  We  retained  a  vibrating  device  based  on  a  triple  pole  electromagnet  and  a 
.SmCos  permanent  magnet  (fig.l ).  The  initial  monochromatic  beam  topographs  show  that  this 
device  exliibits  the  expecteil  pcrfonnanccs  both  for  the  amplitude  and  the  rcprcxluctibiliiy  of  the 
■/ero"  rest  poNition, 


i:  I  u\Kl('ihl..  i  '( \k  iss  10,  .iiiu  I  s-.iki,  i' uI  i>i.inw.s, 

' '  W  ^  I U  \ i  i  i  k  W  i  1  1  i  N  K  \  1  '  -  t  \  K.i'-  >v  I-  i  \  .11:  !  '  \  -  -‘"'i* k  i ‘  1 
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INVESTIGATION  OF  THE  RELAXATION  BEHAVIOUR  IN  STRAINED 
SUPERLATTICES  USING  GRAZING  INCIDENCE  DIFFRACTION  OF 
SYNCHROTRON  RADIATION 

D. Rose  and  U.Pietsch',  A.ForsteH.T.A.Metzger’, 

'InstitutfUr  Festkdrperphysik  der  Universitdt  Potsdam.  1^-14415  Potsdam, 
Germany 

‘Forschungszentrum  Jalich,  Institut  fllr  Schicht-  and  lonenlechnik,  P-  52428 
Jaiich,  Germany 

’Sektion  Physik  der  Universitat  MUnchen,  P-  80539  MOnchen,  Germany 

Lateral  lattice  matching  is  only  possible  up  to  a  critical  thickness  t„,  beyond  which 
misfit  dislocations  are  created  at  the  interfaces.  For  single  layers  of  Gao,ln|j,As  on 
GaAs  it  amounts  to  19  nm.  In  the  case  of  superlattices  (SL)  the  critical  thickness 
depends  on  1)  the  In-  content,  2)  the  total  thickness  of  sl  L,  ~  ( t.  ^  t*  )  n  t.si  n 
(tsi. :  SL-  period,  n:  numher  of  periods)  and  3)  the  thickness  ratio  t,  / 1„  . 

In  order  to  unterstand  the  mechanism  of  relaxation  we  have  investigated  the  depen¬ 
dence  of  t„  on  the  thickness  of  the  barriers  L .  The  real  structure  of  the  SL  was  in¬ 
vestigated  measuring  conventional  rocking  curves  and  reciprocal  space  maps.  The 
in-plane  parameter  were  measured  using  grazing  incidence  diffraction  of  synchrotron 
radiation.  The  depth  dependence  of  the  relaxation  degree  can  be  determined  by  mea¬ 
suring  the  rod  scans  of  the  in-plane  Bragg-peaks  at  different  angles  of  incidence  11]. 
The  shape  of  the  nxl-scans  is  influenced  by  the  real  structure,  The  amount  of  the 
real-structure-effects  is  correleted  to  the  degree  of  relaxation.  Becau.se  of  the  imper¬ 
fections  a  kinematic  description  of  the  experiments  is  sufficient. 

Although  the  thickness  of  the  Gaojlno  jAs  layers  were  cho.sen  smaller  than  the  critical 
one.  partial  relaxation  of  the  superlattices  was  obtained  for  barrier  thicknesses  bet¬ 
ween  2  nm  and  30  nm.  In  contrast  to  our  former  investigations  12)  we  found  a  ho¬ 
mogenous  relaxation  stale  over  the  whole  depth  of  superrlattice. 

This  work  was  supported  by  the  BMFT  No  05  5IPAAI  8. 

|1|  U.Pietsch,  Proc.  in  Physics,  Vol  61  Surface  X-ray  and  Neutron  Scattering, 

Ed.  H.  Zabel  and  I.K.  Robinson,  Springer  Verlag  1992,  223 
[21  U.  Pietsch,  H  Metzger,  S.  Rugel,  B.  Jenichen  and  I.K,  Robinson,  J.Appl,  Phys. 
74,  2381  (1993) 
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DYNAMICS  OF  ROCKING  CURVES  IN  STRAINED  (001)  Si 
CRYSTALS  UNDERGOING  ULTRASONIC  EXCITATION 


B.Sander,  E.Zolotoyabko  and  Y.Komem 

Department  of  Materials  Eitf^ineerinfi,  Technion  -lsrael  Institute  of  Technology,  Haifa 
M(W0,  Israel 


Dynamical  X-ray  dilYraciion  under  high-frequency  ultrasound  (US)  was  recently 
found  to  be  very  sensitive  to  small  strains  in  almost  perfect  crystals  [1],  US  with  a 
wave  vector  Ikl  larger  than  the  characteristic  gap  of  the  dispersion  surface  stimulates 
interbranch  scattering  pr^xesses  that  lead  to  various  modifications  in  the  diffraction 
profiles,  depending  on  the  strain  level  e  of  the  sample  and  on  the  US  amplitude  w. 
When  the  dynamic  strain  8=2lklw  induced  by  US  exceeds  the  intrinsic  strain  e,  a 
broadening  of  the  diffraction  profile  is  expected  due  to  satellites  formation  on  the 
acoustic  superlatticc.  In  the  opposite  case,  6  <  e,  the  interbranch  scattering  processes 
reject  part  of  X-rays  from  the  diffracted  beam,  resulting  in  a  narrowing  effect  of  the 
diffraction  profile,  This  narrowing  effect  was  first  observed  by  us  in  double-crystal 
diffraction  (DCD)  measurements  of  rcKking  curves  in  slightly  deformed  Si  crystals  [21. 
Here  we  present  results  of  the  rrKking  curves  shape  dependence  on  the  US  amplitudes. 


ix:d  measurements  were  carried  out  in  the  Bragg  geometry  with  CuKa-radiation  on 
(()01)Si.  The  samples  were  attached  to  a  LiNbOa  piezotransduccr  by  hardened 
photoresist  (with  overlapping  surfaces  as  shown  in  die  insert  in  Fig.l).  The  transducer 
generated  surface  acoustic  waves  with  a  resonant  frequency  of  293  MHz.  (004)Si 
rocking  curves  were  taken  at  different  applied  voltages  (V)  on  the  piezotransducer. 
The  dependence  of  the  rocking  curves  width  r  on  the  applied  voltage  (V)  is  shown  in 

Fig.l.  r(0)-value  corresponds  to  a  strain  level  of  £«2T0’‘^  introduced  by  the  gluing 
procedure,  r  vs.  V  clearly  demonstrates  the  narrowing-broadening  transformation  of 
the  rocking  curves  under  US  influence.  This  result  is  of  a  great  importance  for  the 
establishment  of  a  new  strain  analy.sis  method  bused  on  combined  u.sc  of  IK'D  with 

US, 


Fig.  1 .  The  width  of  (004) 
Si  r<x:king  curves 
under  US  excitation 

Insert:  sample-transducer 
set  up 


1.  E.Zolotoyabko,  B.Sander,  Y.Komem  .  B.Kantor.  Appl.Phys.Lett.  61 .154  (1993). 

2.  E.Zolotoyabko.  B.Sander,  Y.Komem  .  B.Kantor.  Acta  Cryst.  A  iQ  ,253  (1 W4). 
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A  novel  experinienlal  setup  I’or  grazing  ineidenee  and  extremely 
asymmetrical  x-ray  dilTraction 

M.  Stiimidiniuer,  R.  Opitz,  and  R.  Kiihler 

.Md.x-l’Uiih'k  'RoiiliH'iihfiiiiiiii^  '  tin  th  1 1 linnhi>lill  I  'nivcrxihii  :u  Ht'i  lin. 

lltiii.svoiiit'ipliUT  5  7.  n  llHI7  licrlin.  (it'niinny 


(iraziiig  iiu'idoncL'  dilTiaclidn  ami  specular  x  ray  icfloclDinctry  (including  ullspcculai  dilTusc 
scultcriiig)  arc  miw  two  siandard  icchniciiics  which  arc  cxtc'iisivcly  applied  to  siructural 
cliaractcrizatioii  uf  thin  Hlnis  and  inlcrl'accs.  The  combined  use  of  both  methods  makes  it 
possible  to  obtain 

(i)  ‘density'  information  (layer  thicknesses,  thickness  fluctuations,  veriictil  density  profiles), 

(ii)  structural  infurmatii'n  on  mesoscopic  scale  (interfacitil  ami  surlacc  roughness,  correlalion 
lengths)  and,  finally, 

(iii)  structural  information  on  atomic  scale  (lattice  parameters  and  relaxation;  ilepth  sensitive 
measurements). 


We  present  here  an  ex|X'rimeiUal  setup  f»)r  grazing  incidence  diffraction,  extremely 
a.symmetrical  x-ray  diffraction  and  specular/offspccular  x-ray  rcflcetometry.  Ilow-ever,  three 
main  differences  as  compared  to  previous  scattering  geometries  are  present 

•  we  u.se  the  entire  horizontal  line  focus  of  a  rotating  anrtde  (12  kW,  the  dimensions  r)f  the 
focus  are  typically  0.5  mm  x  .5  mm)  without  any  further  geometrical  reduction  by  slits.  'I'his 
geometry  applied  on  a  horizontally  mounted  sample  ensures  a  considerably  higher  intensity 
without  loosing  vertical  collimation, 

•  the  collimator  system  can  be  turned  around  the  diffracted  beam.  We  are,  therefore,  able  to 
collimate  the  incidence  Ivaiu  with  respect  to  various  spatial  dircctitins.  The  collimator 
system  consists  either  of  a  symmetrical  C»e  channel-cut  combined  with  a  soller  slit  iir  of  an 
asymmetric  Bartels  collimator  (  fi '  angle  of  incRlence  )  with  two  miscut  (ie  220  channel- 
cuts  Due  to  simulations  both  geometries  should  yield  to  comparable  count  rates  and 
resolution. 

•  extremely  asymmeirictil  renection  geometries  (grazing  incidence  and  obliijue  exit)  are  also 
accessible,  rhus,  it  is  possible  to  investigate  relaxation  in  different  spiitittl  directions. 


The  design  and  the  ctipabilities  ol  the  instrument  will  be  discussed  with  regard  to  applications, 
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THREE  CRYSTAL  DIFFRACTION  STUDIES  ON  OXYGEN 
INDUCED  DEFECTS  IN  ANNEALED  CZ  SILICON  CRYSTALS 


T.  Schmidt, R-  Bouchard, U.  Ri'itt  and  J.R.  Sclineider 

lhviih(ir(j(  r  SytichrohoutitrahUnuitilabor  //.l.S'V/..!  li 

at  Ih  ulsi'ht'.s  |•'ll'htronl'n-Sl|a^•hralroll  DHS)  .  ,\()lhi  slr.  >'.•),  D-  J  .’til):)  lliniihin-ii 

W.  Zulehner 

Warkri'  ('hcinilrouii'  dinhli.  Po.slfach  ll.jl).  l.iuryhuusi  a 

In  (V.ochralski  ((-Z)  grown  silicon  oxygen  is  the  most  important  impurity,  U|)on 
heal  Ireatment  at  oxygen  atoms  dilFuse  through  the  lattice  to  produce  small 

agglomerates  which  grow  into  precipitate  particles  of  silica  [SiO'i)-  h'urther  an¬ 
nealing  at  1050''C  or  1200''C1  leads  to  the  generation  of  dislocation  loops  and/oi' 
the  formation  of  stacking  faults.  Three  series  of  CZ  silicon  crystals  containing 
7..'j,9.9,  18.1  ■  lO'^cm.  *  oxygen  atoms  were  measured.  'I'hree  samples  of  each  series 
had  been  annealed  for  24h,  72h,  216h  at  750‘'C\  two  samples  had  been  preannealed 
for  24h  at  750“(’  and  then  further  annealed  for  2()h  at  1050“C  or  1200'’('. 

The  si/.c  and  number  density  of  the  SiO'^  precinitates  have  been  determined  with 
Small  Angle  Scattering  (SANS)  at  the  ILL,  Grenoble  [Ij.  In  addition  to  SANS  the 
defect  scattering  was  mapped  out  in  k-spacc  at  the  same  samples  by  means  of  the 
high  resolution  three  crystal  diffractometer  for  high  energy  synchrotron  radiation 
installed  at  the  HASYLAB  wiggler  laboratory.  The  diffuse  scattering  was  measured 
with  100  keV  synchrotron  radiation  at  reflection  220  in  its  projection  onto  the  [1 10| 
/.one. 

'I'he  diffuse  scattering  measured  at  the  samples  annealed  for  ililfercnt  periods  of 
time  at  750'*C  was  identified  to  be  related  to  SiO-i  precipitates  [2].  Nearly  all  sam¬ 
ples  showed  additional  diffuse  streaks  of  scattering  along  the  |001)  direction.  'I'Ih' 
h’WIlM  of  those  streaks  is  increasing  with  the  distamu'  to  the  reciprocal  lattice  i)oint. 
According  to  Larson^cSchmatz  l3l  dislocation  loops  on  (111)  jilanes  with  BurKcrs 
vectors  in  110  ■  directions  could  cause  this  diffuse  scattering.  I'heir  diameters 
are  i)f  the  order  of  1000  .1. 

Diffuse  streaks  along  ■  111  ■  directions  were  found  in  the  samides  preannealed 

at  7.')0“C  and  then  further  annealed  at  lO-bO'^C’  or  I200°(b  Along  the  [111]  direction 
the  FWHM  of  the  streaks  is  constant.  The  asymmetry  of  the  diffuse  scattering  in 
the  1220)  -zone  indicates,  that  these  defects  are  of  extrinsic  nature.  Model  calcula¬ 
tions  |;{)  identified  these  streaks  as  diffuse  scattering  from  stacking  faults  lying  on 
.  Ill  -■  planes.  Their  diameters  de])end  on  the  annealing  history  of  the  sample  and 
vary  from  about  10000  .4  up  to  40000  .4. 

|1]  S.  Messoloras,.! .H.  Schneider, H. .1 .  Stewart^lrW.  Zulehner 
Semicond.Sci.Technol.  4  (1989)  340 
12]  P.H.  Dederichs  .l.Phys.  F3  (1973)  471 
j.'lj  U.Ci.  Larson,  W.  Schmatz  phys.stat ..sol(b)  99  (1980)  207 
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Iligh-Resoliitioii  X-Ray  Diffraclioii  and  X-Ray  Slaiuiing  Wavt's  Analysis 
on  AlAs/GaAs  Shoii-l’criod  Superlatticcs 

M.  Scluislcr^ ’2),  A.  Ix'ssinann-^,  A.  Munkholiii“\  S.  HiTiinaii-^ 

G.  Malcrlik^f^)  and  II.  Riechert*) 

Siemens  AG,  Corporate  Research  and  Development,  7J-'E  BT MR  d, 

Otto-Hahn-Ring  6,  D-Sl  739  Munich,  Germany. 

"  Stanford  Synchrotron  Radiation  Laboratory  SSRL, 

2375  Sand  Hill  Rd..  Menlo  Park.  CA  94025,  USA. 

Hamburger  Synchrotronstrahlungslahor  HASYLAR, 

Notkestr.  85,  D-22603  Hamburg,  Germany. 

The  state-of-the-art  approach  to  study  the  structural  parameters  of  superlatticcs  (SL)  is 
(high-resolution)  X-ray  diffraction  {(HR)XRD)  which  measures  the  elastically 
scattered  photons.  This  method  can  be  extended  by  measuring  simultaneously  inelastic 
signals  excited  internally  by  the  X-ray  standing  wave  (XSW)  field  which  is  generated 
in  the  reflection  process.  Recording  element  specific  inelastic  signals  provides  a 
unique  way  to  determine  the  position  of  the  excited  atoms.  We  have  applied  the 
measurement  of  the  element  inspecific  but  more  intense  photwurrent  for  the  structural 
characterization  of  the  superlattice. 

The  measurements  were  performed  with  5.30  keV  and  8.05  keV  photons  from  the 
synchrotron  radiation  source  SPEAR  at  SSRL  using  a  double  crystal  monochromator. 
The  well  collimated  and  monochromatized  synchrotron  radiation  beam  of  high  inten¬ 
sity  enabled  us  to  extend  the  HRXRD  measurement  to  a  wide  angular  range  showing 
the  complete  set  of  satellites  between  neighboring  substrate  reflections.  Thereby,  a 
non-coincidence  of  the  AlAs/GaAs  satellite  groups  belonging  to  GaAs(002)  and 
GaAs(004)  is  observed,  which  results  from  an  incommensurate  modulation  of  the 
supcrlattice.  By  comparison  with  kinematic  diffraction  theory,  from  the  satellite 
intensities,  the  Fourier  coefficients  of  the  modulation  can  be  determined.  This  gives  a 
straightforward  description  of  the  AlAs/GaAs  supcrlattice  unit  cell  and  its  interfaces. 

The  simultaneously  measured  photoelectron  yield  shows  a  clear  modulation  due  to  the 
GaAs(004)  substrate  reficction,  the  0th  order  AlAs/GaAs  SL  rellcction  and  the  thick¬ 
ness  fringes.  At  the  Olh  order  SL  reflection  the  wave  field  is  aligned  to  the  average 
lattice  plane  distance  of  the  AlAs/GaAs  SL.  The  modulation  of  the  photocurrent  is  a 
measure  for  the  ratio  of  coherently  and  incoherently  positioned  atoms  with  respect  to 
the  average  lattice  plane  distances.  The  shape  of  the  photocurrent  signal  at  the 
GaAs(004)  substrate  rcfiection  is  caused  by  a  moird  effect  which  leads  to  a  different 
shape  compared  to  the  shape  of  the  0th  order  SL  reflection.  The  moire  effect  turns  out 
to  be  present  in  many  heterostructures.  It  offers  a  further  criterion  to  differentiate 
between  layer  and  substrate  peaks.  The  XSW  measurements  are  compared  with 
dynamical  calculations  of  the  depth  dependent  X-ray  wave  field. 

Two  of  us  (G.M.  and  M.S.)  are  grateful  to  the  Volkswagen  Stiftung  for  sponsoring 
theses  studies  through  a  grant  to  Stanford  University. 
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GROW  TH  ANO  RliAU  STRUT  TIJRI';  OI-  URl'A  GRYS  TAl.S 


I.I.  Smolsky,  N.P./ailscva*,  S. V.li()j;alyrcva* 

liiM.of  Cn'siiillo^rdphx  Miissinn  AciuU’iny  of  S(‘it'n<  i's.M()\c(iw 
'■  rdculiy  (>/7V)Vv/(  v,  Siaic  Univt‘rsii\.  hiissid 

Urea  IS  a  pioinisinj;  inalerial  for  non-linear  optics.  Crysials  have  heen  pown 
from  methanol  solution  by  reduction  oT  temperature  in  the  ranj’e  45  2.S  ('.  The  average 
growth  rate  along  the  Z  a.xis  was  within  0.15-0.25  mm/day. 

Real  structure  of  crystals  was  studied  by  X-ray  prr)jection  topography  {Lang 
method).  Zonal  and  sectorial  structure  as  well  as  surface  morphoUtgy  and  at- 
rangement  of  dislocations  in  urea  correspond  to  growth  by  dislocation  mechanism. 
Almost  all  grown  in  dislocations  observed  were  of  mixed  type  (see  table).  There  are 
dislocation- free  areas  in  the  central  upper  part  of  the  crystal,  Stresses  arising  du 
ring  growth  raise  redistribution  and  interactions  ot  dislocations. 

The  step-like  change  of  the  growth  temperature  of  0.05”G  followed  by  lormn 
tion  of  macrosteps  and  liquid  inclusions.  They  can  act  as  local  sources  of  secondary 
defects  -  slip  dislocations  generated  in  {110},  {111}  and  {001}  planes  of  easy  slip. 
Frank-Read  sources  have  been  ob.served  in  {111}  slip  planes. 

GROWN-IN  AND  GLIDE  DISLOCATIONS  IN  UREA  CRYSTALS 


N 

Type  of 
dislocation 

Angle  to 
C  axis,"’ 

Burgers 

vector 

Growth  sector 

Remarks 

1 

mixed 

12-15 

(X)l 

{111} 

grown-in 

mixed 

.U 

'} 

{111} 

grown-in 

mixed 

14 

<  1 

1 1  > .  <  U 1  > 

(iiD.dii) 

grown  in 

4 

mixed 

08 

') 

(iiD.dii) 

grown-in 

5 

edge 

90 

< 

1  io>.<iio> 

(Ml), (Hi) 

grown-in 

6 

edge 

90 

< 

1  !()>,<  M0> 

(iiD.dii) 

glide 

7 

52 

< 

1  io>.<  iio> 

(iiDdlii) 

glide 

8 

} 

■} 

(111), dll) 

glided  110} 

9 

■) 

90 

'} 

(iii).(iM) 

glidedOOl} 

It  follows  from  topographs  observed  that  the  stability  of  the  temperature  during 
growth  should  be  belter  than  0.01 C  for  growing  crystals  of  high  quality  enough. 
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X-RAY  TOPOGR  APHY  OF  FACETS  IN 
GaSh  SINGLE  CJIlYSTALS 


Z.  Sonfpk  aiul  .1.  Kul) 

Ivfitiltilr  of  Ariuhiot/  ofSrii  iirrs  of  tin  ('rirli  liipuhlw 

( ’iikfnvin'iurl:f}  10,  101!  00  I’t  nhn  0.  ( ':i'rh  Ui  piihlti- 

I  li  (>  '•  111>  (inSli  single  ctysl.fils  iisiiifr  llu'  ( Izorliralski  l.crliniinw’ 

wiUioiit  ctn  apsiilanl.  In  an  aimosplicii'  of  (lowiiif^  livfirojron  Wfic  slaicliod  in  oidci 
to  rvalnatf'  tlio  (lisl.riljiition  of  lollniitim  coiiciniti ation.  No  facots  wcio  foiincd  in 
iindopod  (laSI),  wliilo  in  the  caso  of  IV  dopoil  ciy^tals  tlio  facets  have  appeared 
at  the  centre  of  the  (JaSh  howl,  'I'he  formation  of  fai  t'l.s  is  dependent,  on  t  he 
temperature  coiKlitions  in  the  growth  surface  and  on  the  level  and  the  nonhomo 
getieity  of  dopant  concetitrat.ion  near  to  tin'  growth  intt'iface, 

'I'he  rpiality  of  the  cry.stals  wa.s  chara(  t('ir/’,('<l  hy  X-ray  topography.  We 
employeil  the  method  of  doiihle  crystal  speclroimd.er  in  the  parallel  position  and 
we  used  Hragg  <a.se  geometry.  Several  types  of  (haSh  crystals  with  (liflerent  'I'e 
concentration  were  cho.sen  for  this  study. 

We  nnderslarul  hy  facet  such  a  macroscopic  part  of  the  crystal,  where  the 
vaiiation.s  in  the  morphology  of  siriations  with  respect  to  the  nonfac«:led  region 
are  observable.  Parallel  growth  striations  indicate  n  planar  solid/licpiid  interface 
in  the  facet,  contrary  to  tin*  circidar  ones  in  tin'  nonfnc.r'ted  region.  Pacets  in 
this  sense  display  many  times  higher  I'e  com  entration  and  difTment  (  haracter  of 
etched  surface  with  lespec  t  (o  I  In'  nonfaceled  region.  Tin'  higher  concentration  of 
'I'e  in  cf'rtain  range  causes  tin’  change  from  p  to  n-tvpe  conductivity.  'I'he  origin 
of  the  fa<ets  could  he  explained  hy  poor  stirring  conditions  of  the  melt  near  tin’ 
center  of  growth  rotation  and/or  by  step  hy  st«'p  growth  mechanism  from  tin' 
snperrooleil  melt  at  the  center  of  rotatimi  in  I'ontrasl,  to  the  continnons  grmvth 
at  the  periphery.  'I'he  sharp  face’l  boundary  and  the  growth  striatii.>n  imiicate 
that  the  latter  rea.son  is  more  rrdevant. 

The  distribution  of  carrier  ronK’iiti ation  in  tin*  portion  of  Cia.Sh  crystals 
where  the  interface  between  p  and  n  type  coinincti vity  has  ocenrred  was  exami¬ 
ned  and  the  interprr'tat.ion  of  the  inhomogen«'il.i(’s  ohsr'i  verl  was  snggr’str'd. 
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X-RAY  Dll  FRACTION  INVKS  1 1C ATION  OF  I  HK  PFCHLARITIFS  OF  TIIF 
I  FASTIC  STRAIN  RKLAXATION  IN  I.ATTICF.  MlSMATCHl  l) 
IIF,Ti:ROSTRl  CTtRi;S(;RO\VN  lO  MOCVI) 


R.Slabeiiow  (a).  A. Haase  (a),  N.Falcfv  (b).  I.Kochnev  (b),  A. Dmitriev  (b) 

(a)  (iiuf  Applictiiinn  Pnision.  Rich.  Si'i/lT/  R  i'o.,  lin^cii.sir  II, 
Ahn'iishiiiyr  ( U'.RMAN)' 

(b)  A.b'.lo/fc  Phvsico- Tcchmciil  Insi/mic  (RTIj,  I'nliu'khnicheskaVLt  -V>,  Si.l'clcrshiiix, 
RJ-1021.  RUSSIA 

High  resolution  X-ray  dilVraction  interference  and  ditVercntial  tnetliods  were  used  foi 
the  characteri/aiion  of  epitr  ial  growth  and  clastic  strain  relaxation  processes  in  liiGaAs 
and  (AlGa)InAs  epitaxial  layers  grown  by  MOCVD  technique.  X-ray  dillraction 
investigations  were  made  by  using  a  SEIFERT  XRD  3000  HR  systetn  equipped  with  a 
monochromator  for  the  primary  side  (2  Gc  channel-cut  crystals  in  i) 

configuration,  220  refiection)  and  for  the  secondr.  "y  side  (flat  Gc(220)  analyzer  crystal) 
The  samples  investigated  were  grown  on  precisely  oriented  GaAs(OOl)  substrates,  fhe 
InGaAs/GaAs  double  heterostructures  represented  lno.^GaosAs  quantum  wells  of 
various  thickness  from  8  nm  up  to  31  tim  and  cap  GaAs  layet  .  The  other  kind  of 
investigated  satnples  were  (Al,,  5030.5)0  mlno.iKAs  epitaxial  layers  with  thickness  from 
100  nm  up  to  400  nm  grown  cither  immediately  on  GaAs  substrate  (type  1)  or  on  the  2 
pm  Alo  }5Ga„  4.5As  buffer  layer  (type  II) 

The  results  of  the  investigation  of  InGaAs  QW  are  that  the  process  of  elastic  strain 
relaxation  leads  to  the  appcarence  of  diftcrent  structural  defects  which  change  the 
growth  conditions  and  clastic  strain  in  the  heterostmeture  The  strong  correlation 
between  InGaAs  strained  layer  thickness,  types  and  density  of  generated  defects,  degree 
of  elastic  strain  relaxation  in  heterostructures  was  shown,  too. 

For  {AlGa)lnAs/GaAs  heterostructures  the  process  of  elastic  strain  relaxation  in 
stmetures  of  type  I  leads  to  the  common  type  of  relaxed  ciystal  stmetures  with 
homogeneously  distributed  dislocation  networks.  The  investigation  of  the  second  type  of 
heterostructures  shows  that  another  type  of  rcla.xed  crystal  structures  appears  This 
means  that  during  the  process  of  relaxation  in  elastically  strained  epitaxial  layers  two 
areas  with  significantly  dilfereni  extent  of  relaxation  arise  In  strained  layer  there  is  a 
"block"  ciystal  structure  which  consists  of  rectangular  blocks  (size  about  IU-12  pm) 
with  low  density  of  dislocation  networks  (about  iOVcin^)  near  the  interface  with 
(AlGa)lnAs  I  hese  blocks  are  separated  by  vetlical  dislocation  walls  oriented  in-plane 
along  1110}  direction  with  extremely  high  dislocation  density  (up  to  10‘Vcm^).  I'he 
increasing  of  the  thickness  of  the  (AlGa)lnAs  layer  results  in  the  increasing  of 
dislocation  densitv  in  the  walls  and  hence  to  increasing  of  the  elastic  strain  in  those 
areas  It  leads  to  the  propagation  of  these  dislocations  into  the  bottom  AIGa.As  layer  and 
hence  to  further  decieasing  of  its  crystal  perfection  fhis  allows  tr)  suggest  the  strong 
correlation  between  the  type  of  clastic  strain  relaxation  and  the  existence  of  butfer 
AIGaAs  layer  or.  in  general,  between  the  process  of  elastic  strain  relaxation  and  initial 
stage  of  epitaxial  giDwth  The  result  of  the  preliminaiy  investigation  of  similar  samples 
additionally  containing  (AlAs-Ga.As)Sl.  is  that  the  critical  thickness  of  the  strained  layer 
may  be  exceeded  three  to  five  times 
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HIGH  RESOLUTION  X-RAY  DIFFRACTION  CHARACTERIZATION 
OF  Ge/Si/GaAs  HETEROSTRUCTURF.S 

T.W.  Staley',  J.K.  Wade',  G.E.  Crook’,  S.L.  Daniel’  and  R.J.  Matyi' 

'Moierkils  Science  Program,  'Dept,  of  Electrical  and  Computer  Engineering, 
^Dept.  of  Materiais  Science  and  Enf>ineerin,^,  University  of  Wisconsin, 

Madison,  Wl  53706  USA 


Heterostructures  consisting  of  alloys  of  the  Group  IV  elements  Si  and  Ge  with  GaAs  have 
attracted  attention,  since  band  structure  calculations  have  predicted  that  the  addition  of  Si 
to  GaAs  should  increase  the  bandgap  of  dilute  (GaAs)|.j,(Sij),  alloys  with  the  bandgap 
remaining  direct  up  to  Jt*»0.2.  In  (GaAs),.^(Ge3),,  the  alloy  is  predicted  to  have  a  direct 
gap  up  to  jr*0.8  while  exhibiting  a  local  minimum  in  the  conduction  band  at  .v  *=0.3.  In 
order  to  achieve  these  properties,  it  is  necessary  to  fabricate  (GaAs)(Group  IV)  alloys 
'vithou'.  the  potential  degrading  influences  of  lattice  parameter  mismatch,  polar  versus  non¬ 
polar  growth,  and  the  prospect  of  order-disorder  transformations.  In  the  present  work, 
we  have  used  both  double-  and  triple-crystal  x-ray  diffraction  to  study  the  structural 
characteiistics  of  Si/Ge  and  Ge/GaAs  alloys  grown  on  GaAs  substrates  by  molecular  beam 
epitaxy  (MBE).  We  have  determined  an  optimized  growth  recipe  for  Ge/GaAs  alloys  in 
terms  of  four  major  growth  parameters  (substrate  temperature,  GaAs  deposition  rate,  As^ 
overpressure,  and  Ge  mole  fraction)  by  using  the  width  of  the  alloy  layer  (X)4  reflection 
in  a  high  resolution  triple  crystal  transverse  scan,  which  directly  measures  the  range  of 
angular  misorientations  in  the  layer  independent  of  lattice  dilations  or  strains.  The 
optimized  MBE  growth  environment  was  then  used  for  the  deposition  of  Ge-Si  alloys  with 
high  structural  quality  on  GaAs  substrates,  even  though  the  growth  of  crystallographically 
perfect  layers  would  be  expected  to  be  complicated  by  the  diamond-on-zincblende 
materials  system  and  the  transition  of  the  pseudomorphic  strain  from  compressive  to 
tensile  with  increasing  Si  mole  fraction.  The  presence  of  well  defined  interference 
fringes  in  double  crystal  x-ray  rocking  curves  showed  a  high  level  of  structural  perfection 
in  layers  with  silicon  mole  fractions  less  than  approximately  7.5%;  subsequent  increases 
in  the  silicon  content  led  to  an  abrupt  relaxation  in  the  pseudomorphic  strain  in  the  SiCe 
alloy  layers.  Triple  crystal  diffraction  scans  from  the  same  samples  (see  below)  exhibited 
a  continuous  increase  in  the  intensity  of  the  diffuse  scattering  about  the  004  reciprocal 
lattice  point  of  the  epitaxial  layer,  suggesting  either  the  generation  of  dislocations  or  the 
nucleation  of  point  defect  clusters  with  increasing  Si  content.  The  physical  origin  of  the 
diffuse  scattering  will  be  discussed. 


(left)  Triple  crystal  x-ray 
diffraction  scans  from  Si/Ge 
alloy  layers  grown  on  GaAs; 
the  004  reciprocal  lattice  point 
from  the  GaAs  substrate  is 
centered  in  each  illustration. 
The  approximate  Si  mole 
fractions  estimated  from 
double  crystal  rocking  curves 
are  given  with  each  scan. 
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A  DIRIXT  OBTAINING  OF  STRAIN  PROFILK  FROM 
X-RAY  ROCKING  CTiRVFS 


A.A. Stepanov 

Insiilute  of  Mciilierncuics  ami  Computer  Science,  Uiiix  ersiiy  of  Latvia,  Ruiiiix  hlvcL  29, 
Rif^a  LV-1459,  Latvia 

A  study  ot  imiltiluyer  crystals  by  X-ray  l)igh-res(.)liition  dill'ractometry 
proposes  to  obtain  strain  and  dainage  depth  profiles  by  the  solving  of  the  inverse 
problem  of  X-r:iy  rocking  curve  interpretation.  In  this  way  the  phase  problem  and 
numericiil  methods  aie  severe,  l  oi  (hi*  siimiltaneous  solulani  these  lioth  problems 
in  the  di.serete  kinematieal  apfiioach  to  the  X-ray  diffraction  tlie  method  of  Fouriei 
coefficients  {Stepanov.  1994)  is  presented.  This  method  is  based  on  the  analysis  of 
rocking  curve  l-'ouiier  coefficients  ;uid  was  earlier  applied  foi'  graded  layers 
(Stepaia)v,  1992;  1994)  and  three-hiyer  laser  hcterostniciures  in  the  system  AlCaAs 
(Steptinov,  1992)  as  well  as  for  superlattlces  in  the  system  Sirie  (Stepanov 
I-iepinsh,  199.t), 

The  methc'd  has  some  important  advantages,  so  in  the  ease  of  siiiu'iiattices, 
it  does  not  need  the  identification  of  satellite  orders,  if  the  superiattiee  period 
consists  of  N  layers  it  allows  to  find  2N  ec|uivaletit  in  some  sense  strain  [rrofiles. 
Using  many  rocking  cuiacs  measiiicd  fi'r  diffeient  \alues  ol  .ibsorption  eoel'fici(.'nt 
it  allows  to  reduce  the  inverse  problem  to  the  solving  of  linear  algehi  ai''  system  witli 
Vandermonde's  matri.v.  We  note  I’ctrashea  X  C 'Inikhovskii,  19S9,  l.ase  solved  the 
problem  using  two  rocking  curses  and  analytic  continuation  of  iliem.  as  it  is  well 
known,  the  later  problem  is  ill-posed  one. 
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ACCOUNTING  FOR  INTERFACIAL  ROUGHNESS  EFFECTS  IN 
GRAZING-INCIDENCE  X-RAY  DIFFRACTION  BY  MULTILAYERS 


S. A. Stepanov  and  R. Kohler 

MPG'AG  "  R6nl<j(  nbfuifin\g" ,  Haufivogtt  iftldt'  P-111117,  hnlm.  ( h  ituttin/ 

Recently,  (lie  ^ra^ing-iiiciilence  \  ray  dilli ad idii  ((ill))  lias  licm  l•\|l••rilnl■lltallv 
deinonstraleii  to  jirovide  extensive  inforniations  on  seiiiit  onil-n  ioi  innh  ila\ei'-  I!i>\v 
ever,  llie  (jiiant  it  at  ive  in1ei|)reta(ion  of  these  data  ie<|iiires  ,i  pioiiei  ilieiii\ 

It)  [1.2]  a  new  t  heoix't  ical  desi  t'ipt  ion  ol  (III)  in  iimll  ilavei liav  ln'iii  deM|ii|n'd 
In  this  method  the  solution  of  the  exteinhxl  <1  vnainii  ,i|  dilluit  t  uic,  i'i|ii,!t  lonv  w.ls 
obtained  in  tlie  lortii  of  a  piodinl  of  (1-1)  <  ho;  ai  i  ei  i -i  n  i.iairiie^  ,,|  thi  l.oeis 
In  [2]  this  <i|)|)i'oach  has  been  eX|ieriiiientalK  proved  u.  in'  ,ideopi.ii<  Im  |ntleii 
multilayers. 

Hr  .■re,  the  e.xlension  ot  our  '  lairix  approadi  jl  .'Jj  is  lepoiied  wheii  i  he  sm  u  e 
as  well  as  nneoirelated  interface  roUKhness  and  transition  la\ers  m  niuli  ihivfis  .ne 
taken  into  account. 

I'lie  proposed  theoretical  aiiproach  is  applicable  for  the  simiilat  ioti  ot  elfects  of 
various  mullilayr'r  defects  on  (ill):  rouglitiess  at  interfaces  between  lavers.  Iliiciua 
tions  of  layr'f  thickness  and  density,  partial  di.sorder  of  ci  vsl  alline  st  met  me,  presence 
of  transitiv)!!  layers  etc. 

It  is  provfMi  by  means  of  computer  simulations  that  small  interfacial  roughness 
and  thin  transition  layers  in  multilayers  hav<- a  similar  ell'ei  t  onto  (Ill).  In  t  he  case  of 
.superlat.I.ices  (SL)  the  roughness  and  the  transition  layers  result  in  the  acceh'ration 
of  theovi'iall  intr'iisity  drop  with  inerr-asing  glancing  angles  between  ,\-rays  and  the 
surface  and  in  the  intensity  decrease  of  liigh-ordr’r  SI  peaks.  The  tr  uisitioti  layer 
thickness  or  th<’  tins  roughtiess  height  can  tne  measured  due  to  these  elfects. 


[l]  S. A. Stepanov:  Kristallografiya  39  (1994)  *221. 

[*2]  S. A. Stepanov,  U.l’ietsch,  (I.'I'.Haumbach:  Z.l’hys.  (l')!)l)  submitted 


ACCOUNTING  FOR  NORMAL  LATTICE  STRAIN  EFFFX  T  IN  THE 
THEORY  OF  X-HAY  DIFFRACTION  UNDER  TOTAL  EXTERNAL 
REFLECTION  (  ONDITIONS 


S. A. Stepanov  and  R. Kohler 

-1  f  >'  “  Hittilt/i  tihi  ifilnt:  >- 7  hllH!7.  lii  rim  (iiiimmij 

I  ll.'  .!•  Miril  *i**|>t  ti  til*'  111  HU  M  l«*i  ll  I  111*  t  fi  »ni«  !»♦■<«  ifn*'  .IS  !  m  \  h  '  !»•  a  #i  <  i  hi  i  h 

n  i«  »!n  lUl  \  C|  >  I  h  1 1  :.l  kcv  nut  HD  h1  H*'  «  *  Hi  V  flit  f«  Ml.«i  \  f  .tx  ll  I  tf  f  !  M  •  S  H  •  •  *1 1 1  |  I  »l  |  U  I K, 

M  Iftll  S  ?  I  •  1  1  D*  *||  *^11  :  j»  r  V  .  1  ?,'  *  '  h*  I  » 1 1»|  1  R  H!  it  j ,  *  '  t!  j-  .  \  <  .\\  !  ?  if  I  a«  t  U  H; 

,S  .if  *1  •'  '  *  i  !  1 1  j ' If-:-  p*  I  -  i  -1  •  '-I  •  :i*  !\  t  .1  ■*  i  1  f  -  « i'! !  '  *  •  ■  i '  *  /i  <  ’  !  -  H  * 

SI  ll*‘II  A  lift  •  ■  \  1  H  \  f  M  -  .1 J 1 1  .Ip  .p' }  1, 1*  .«  /<  Hi  t!  Mit  <1  I  H  *  t  'O  *  I  f  •'  I  y  t  H  M  •  i  I  H  . 

i"'  ‘IhI-  I  ;  Ml.ii.  •i‘i»  '•»‘iit  \  l.iX  pit.*.  lyft'Wi.i 

j  f  1  M  i  M  I  ’  M  IM  '  -  '  '  '  I  a*  ■  .1 1  •  I  it-  i  i  i*  I  I  ,1 1  *1  i !  i.’  i  *  i  r  »  n  ) '  l»  1  .  <  ' 

,  i ,  ij .  t  ,T ,  I  t  {  I  >  <’»♦’•«  v\  S*  '  ^  .4  iM  ‘lit  f  ij  >«i*  I  -  ‘  •!,.  j  <  r«  l|  r  .u  ■  •  n  \  '  .1  •  A  a  » ♦•  ••  .u  I 

m  a/)  tit?  ^  !i*  -  •:  *  ';P  t’  *'■  .  ^  .  I  1  >  ■  ■  *'U  -if  iM./  a’  ’  "  ♦  ■  *  '  '  ‘  '  'I  “  = 

'  In*  .CP*  '  '  ■  .  at  '  *  *  (n*  .1  t  .  i|  r  .  .Ji.  |,.,t  .  I  .  c  . ;  •  I  I  !i  . 

I  1|C  ini  <  !  a.  !.a  t  '  i<  -  ■  '  *  a! ■  •  -c  i ;  ■  ii  i . H>  <.  i !  I  !  I  ■  ■  '  .  '  •  1  .  :.i‘ .  ■  .c 

t  ai  1 1  ' : .  I  i  i  .  a  .  ‘  •  ...-.-I’f.ti'hi.af-H- 

Ifni'.  '  !  »  I  i  :t  i  ,  a  \  '  i : :  a  *  '  :•  \  *  .1  \  •  I  itj  !  \  I  \  1  *  '  »  ■  J  1  L*  t  :  i  ( I’ 

it  Jt  hIcIM  ‘  V'  I  a.'  U  t'  *  •  ‘  •*»:•:  •  -  • p  - ,  .  .  p.  •  ■  .  .  •  •  :  .  *  . 

xt  n<l|i-s  I  ll  '  t  :  all!  .  !i  '  '  iHa*  I  i  .t '» *  I  ■  ‘  a  ’  P*  ;  *  '  "I  I ' '  ■! !  .*  *  ‘  ■•a  .  ’*  I  I’  U 

A)llt  H  )n  ixxi(,.Iti  \  I..  pifa-Hi*  ai  UitM.,-  ,tran; 

I,,  tr,  P  a;.;---  -■  '  '  ■'  V  M*  •  > 

I  p  ,t  a'i  X  .p  i*  i  I .  HI  if  i  la'. .  :  w  I’. .M:  i.t !  ia!  ’  it  •  1 .11  :■  1  in  i  -  i  "|  *•  ■  *  < !  a  i  >1 1 '  ti  i  i ' 

I  lax'  ■(  1  11  i  t  i  1 1  I  ^  '  I  I '  1 1*  '  1  ■  !  .  ‘  i.l  '  I  ’  -1  • ! '  li  f  -t*  '  l'  -  Mil  •  a  ^  A  1 1  i .  •  i '  i*  .  I  •  .  •  '  ‘  ’  I .  (I  i  f  ll  -  ;  II  -  i 

Iilai  I  *  !ici  t  |.  .1 :  a  •.[<  1  '  I  i  t  I.  ‘  .  a  .  tf.  .  t  •  I*  .  ^  all  i-y  P  ;t '  *  a.  ■  ‘  -  a '  .  . ' 

(  i  1 1  )  lit  lii’lit  iLf  \  <  i  -  <1*  '  •  ii  I(n  li  :  I  I  t  i.t  i  .  :ii  ;  I  fiP  a(i|it  I  -a*  li  •  a !  ^  *  a  1  • ;  • ;  a  1 1 ’i  t .  • 

juiyriimetru  iili)  wtirrr  fjoth  \  f«>  »rt-  gra^Mig 

I  hf*  I  t  H  j  j  pt  j  I  * 'I  i  I H  *  <l1 1 1  i  *ff  x*-tS  1  Hi  t  fsi'  I  hI  gt  H  t  Hi  n  t  I  ’>  Ip  a  1  ll  •:  *  tic  t  (I'tl  l*.  H. 

strati.Mi  "t  'Ilf  «»f  \|  \i>  m  oiti.lvinK  'traih'  m  ilnsi  U^.’-ts  lii 

{>«rti(  uiai  .  It  I*"  ‘■iiown  tlnit  m  sin-  'ixmnwtn.  al  i'Hi  i ion  tin*  iisAXiiiiimi  r.-li.t 
tivity  of  i»  »lraiiHtJ  ti'r  “yrfa.e  Uyes  of  10  inn  iiiitkntnts  (Jk  tt,it  lU  '(on  a  (U 
rrynta!  is  onU  2  Hi  '  I  lHTefon*  tlw  layer  effect  hardly  w.iuld  lx*  deltH  l^bie  in  the 
Rruik  of  the  suhatrale  Bragg  pr-ak.  With  .XEAD  the  satne  layt'i  may  provide  alMjiil 
.s>  of  the  atrimitraie  Bfafjg  peat  cnteasity  hi  srmie  non-ropiaiiat  cases. 

|l|  S. A.Hlet>aii»v  KriwtaihigraHya  S9 

|‘i|  S. A  Stepanov.  I ' . !Vt isrh .  (J  T  Ba«ir«f.a.  ft  Z  l*hys  stshinitlrri 


AN  AnVAN(’EI)  METHOt)  FOR  (’OVUM  TATION 
OF  \  H  AY  MI  i;HFI  E  HRA(;(;  OlFFR  A(  I  ION 
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wIitTf  iiialrix  /  is  I  li(.  unit  diaguual  nialrix,  ()  <ir»'  zitd  n'claiiguliir  iiiiil.rici's,  I’  is 
tl)«*  Iraiispusi’il  iiiiiiii.x  ul'  /'  ami  ,V/^  and  Nn  are  llu'  ninubtu's  nl’  Hi'agg-t'a.sii  iiiid 
Lane  ra»»>  X  tay  In’iims. 

Tilt*  proposed  iiietiiod  lia.s  l)eeii  iinplfimtiiUHl  in  a  program  and  its  validity  lias 
b««u  proved  with  liie  test  cumputHtiuiis.  In  soint*  cases  the  computation  rate  in  our 
nieihofl  is  significaitily  faster  than  in  [2}  as  the  order  of  the  matrices  is  proportional 
to  the  tiumber  of  grazing  beams  wliereas  in  (2)  it  i,s  fixed. 

We  believe  thal  onr  program  can  be  successfully  used  in  applications  of  X-ray 
miillipie  (iiifrai  thin  to  ri ystal  surface  studies  and  in  imdti-beain  optics  of  X-rays. 

|l|  \  (i.Kohn,  .Aei"  Solid  Shtit  Piiijs.  18  ( ‘iAdH, 

|a|  cvpf.  410  (i‘j7i)  11:1. 


X-RAY  DIFFUSE  SCATTERING  FROM  EPITAXIAL 
CoSij/Si/CoSia  LAYERS  ON  Si(lll) 


J,  Steltner,  L.  Schwalowsky,  W.  Press 

liistitnt  fiir  Kxprrimeiilalphy.sik.  (’Iiristian  Allurdiis  Tiii vcrsil iit  Kid. 
Keibfiizstratk-  1!>,  I)  2'10!)K  Kiel,  FH(! 

C  Schwarz,  H.  v.  Kiinel 

l.rtljuraturnmi  fnr  (•esi korperptiysik.  I'.  1  H  herR.  ('ll  .SOOil  Ziiiid;, 
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X  ray  lIK'a.'iuictui'tlti' of  holh  the  'ipei  il’al  and  dlifil'.r  ■'■altcnmi  iii  Uic  l.llll’.e  of  lolal  '  V 
ternal  rdle«  I  ion  were  perfornn  <i  w;t  !i  a  ( 'oSi;  •  St,  (  'oSi..  Sn  1 1  1  >  !a\ci  sicni  inoilm  <'d  hv 
molei  iilar  heaiii  ('pit  a.xy  i  M  m . )  1  1  lie  mli  t  pri'l iii  i. ai  ol  i  In  dillii'.i  1\  m  at  let e'i  iiiteiisit  v 

wa-M  done  wit  liln  I  lie  clistorleil  wave  Horn  approx la ml  nai  1 1  )\\  H  \  '  '  .'  I  ■ .  im  Inilinir  i  he 

eireci  of  (onforiTia!  rouRlitiess  /  I/  Fits  were  performed  on  all  meiisiireiiient i '^pei  iilar. 
longitudinal  diffiisi',  detertor  and  transverse  seans)  simult aiieonsls 

( 'on  formal  roiiRliness  of  the  iiilei  fa(  es  of  at  le.isl  one  ol  the  thin  I  oSi..  I  a  vet  ^  w  o'-  found . 
wlierea.s  correlations  lictwe«-ii  the  iiiierfaiesof  the  Imried  Si  lavei  eoiild  he  exilmled 
Lateral  (orrelatioii  lengths  are  in  the  range  o|  the  average  distaiue  hetween  two  mono 
layer  step.s.  The  small  magnitude  of  the  roughness  of  the  hiiried  inlerfaies  of  this  special 
sample,  however,  renders  an  exai  t  deti-rriiination  of  the  lateral  corn-lal ions  \ery  dilficiilt, . 
The  measurements  were  carried  out  using  CuKo  radiation  of  an  l8kW  laboratory  source 
and  synchrotron  radiation  from  the  storage  ring  DORIS  III  at  HASYLAH  (llaniburg)  on 
the  wiggler  beamline  (.station  ROF'Wl)  with  a  wavelength  A=l. ().')!)  A, 

/!/  H.  V.  Kancl,  Materials  Science  Reports  8  193-269  (1992). 

/2/  S.  K.  Sinha,  E.  B.  Sirota,  S.  Garoff,  H.  B.  Stanley,  Phys.  Rev.  b  38  2297  (1988). 

/3/  D.Bahr,  W.Presa,  R.  Jebasinski,  S.Mantl,  Phys.  Rev.  B  47  4385  (1993). 

/4/  V.  Holy,  T.  Baumbach,  Phys.  Rev.  B  49  10668  (1994) 


HIGH  RESOLUTION  SYNCHROTRON  X-RAY  DIFFRACTION 
TOMOGRAPHY  OF  POLYCRYSTALLINE  SAMPLES 


S.R.  Stock',  Z.U.  Rek^  A.  Guvenilir'  and  O.P.  I^otrowski' 

'Sch.  Materials  Set.  Enff. .  Georgia  Inst.  Tech. ,  Atlanta,  GA  30332-0245  USA 
■SSRL,  Stanford  Univ..  Stanford,  CA  94309-0210  USA 

In  understanding  the  macroscopic  response  of  poiycryslalline  structural  materials  to 
loading,  it  is  frequently  essential  to  know  both  the  spatial  distribution  of  strain  and  the 
variation  of  micTo-texlure.  Most  methods  for  mapping  strain  and  for  mapping  micro- 
texture  on  a  scale  of  100  /im  are  intrinsically  two-dimensional:  samples  must  be  serially 
sectioned  to  determine  variations  normal  to  a  sample's  surface  In  the  case  of  Al-Li 
2000.  for  example,  changes  in  the  through  thickness  texture  are  thought  to  be  the 
reason  this  alloy  exhibits  fatigue  crack  propagation  rates  an  order  of  magnitude  better 
than  those  of  other  Al  alloys.  If  one  is  to  study  the  rvuliitioii  ol  strain  throughout  such 
samples'  lives,  however,  then  a  non-destructive,  high  resolution  methinl  of  mapping  in 
three-dimensions  must  be  developed. 

This  paper  describes  several  approaches  used  in  developing  high  resolution  synchrotron 
x-ray  diffraction  tomography  of  poiycrystalline  materials.  Preliminary  experiments  at 
.SSRL  arc  reported  on  partially  cracked  compact  tension  samples  of  Al-L.i  2990  and  on 
model  samples  comprised  of  many  randomly  packed,  millimeter  si/ed  pieces  of  Si 
wafers.  Polychromatic  beams  collimated  to  100  /nn  diameter  have  been  used,  and  the 
results  indicate  that  further  collimation  will  not  lead  to  prohibitive  increases  in  data 
collection  tunes.  I  he  distribulion  ot  diffracted  intensity  has  been  collected  on  high 
resolution  x  ray  film  as  well  as  on  image  storage  plates,  and.  as  the  streaks  from 
different  hkl  run  together.  Mo  filters  are  placed  in  the  incident  beam  to  produce  a  large 
change  in  contrast  on  the  detection  medium  at  the  position  separating  gr.tuis  diffracting 
wavelengths  just  above  and  just  below  the  K-edge.  Micro-textun  mapping  in  the 
compact  tension  samples  is  performed  by  translating  the  sample,  d.iierent  orientations 
of  the  incident  beam  are  also  used.  Depth  information  is  obtained  by  observing  how 
the  spatial  distribution  of  diffracted  intensity  on  the  detection  medium  varies  with 
changing  sample  to  detector  separation.  The  "polycrystalbne"  Si  samples  have  been 
used  to  investigate  how  practical  this  approach  is.  'techniques  for  measuring  the 
average  strain  within  grains  and  for  mapping  the  vmiation  of  strain  as  a  function  of 
three-dimensional  position  have  also  been  investigated  and  will  be  discussed. 


X-RAY  DIFFUSE  SCATTERING  IN  LANQMUIR-BLODGETT-MULTILAYERS 
PREPARED  FROM  FATTY  ACID  SALTS 


R.Stoemmer,  J.Grenzer,  J.Fischer  eitd  U.Pietsch 

histitutfur  restknrperphysik  dor  Universitdl  PoUidam,  D  1441  Potsdam,  Germany 

Multilayers  fmin  fatty  acid  salts  can  be  prepared  by  the  Langinuir-  Bludgett  technique. 
Tlicy  exhibit  a  perfect  lamellar  stacking  alotig  the  surface  nonnal.  'ITie  spacing  is 
detennined  from  the  angular  distance  among  the  small  angle  Bragg  peaks  measured  up 
to  inany  orders  using  X  ray  specular  reflectivity.  From  the  slope  of  intensity  along  q, 
the  evaluated  interface  roughness  between  the  metallic  counter  ions  is  of  the  order  of 
one  ionic  diameter  only.  Along  q,  the  films  show  a  strong  diffuse  resonant  scattering 
which  varies  with  the  pcricKlicity  of  ttic  multilayer.  Its  intensity  depends  on  the 
scattering  power  of  the  respective  counter  ions  ami  vatiishes  in  case  of  pure  acid  films. 
Along  q,  we  fouiul  »  contintuis  slope  without  resonant  peaks  but  shart^  Yoneria  wings 
appear  1 1 ).  llte  curves  can  be  tlcscribed  by  a  vertical  correlation  of  2  ^  spacings  and  a 
lateral  correlation  length  of  the  order  of  IdOOA  using  Sinha  s  appn>ach|21  of  ihc  diffuse 
resonant  scattering. 

However,  the  in  plane  structure  of  films  is  churactcrizetl  by  a  |xwder  like  order.  Tlie 
amphiphilic  molecules  ane  (.rgaiii/ed  within  2D  domains  having  a  diameter  Ivtwcen 
lOOA  and  1  ptn  sun-ounded  by  nonordered  material.  Among  the  domains  the  tilt  of 
hyilnx’arbon  chains  is  nuidoinly  distribuleii  again.st  the  surface  nonnal  but  ii  changes 
within  the  dotimins,  ttxx  Due  to  this  real  structure  Sinhu's  nuxlel  is  inequuie  to  vlescnbc 
the  interface  properties  of  our  f'lms.  Ilierefore  we  tlescrilie  the  ineasiirvd  diffuse 
scattering  by  an  other  nuxlel.  It  respects  the  statistical  dejxMnlence  of  the  domain  onler 
and  nearly  vanished  interface  roughness.  Tlie  respective  results  are  compami  with 
simuUukstu  performed  in  termr  of  Sinha  s  approach. 


1 1)  U.Pietsch,  T.Barberka,  W. Mahler.  T.H. Metzger.  Thin  Solid  Films,  1994  in  press 
[2]  S.K.Sinha.  E.B.Sirota.  S.Garoff  and  H.B.Stanley  P/iv.v.Af(-t  .B38  ( 1988)2297 


DEPTH  SENSITIVE  X-RAY  SCATTERING  TOPOGRAPHIC  OBSERVATION  OF 

MBE  GROWN  InAs  ON  GaAs 


Yoshirumi  Suzuki,  Yoshinorl  Chikaura  and  Hideki  Kii 

Department  of  Physics,  Faculty  of  Engineering,  Kyushu  Institute  of  Technology, 
Sensui-cho,  Tohata-ku,  Kitakyushu-shi,  804  Japan 


X-ray  scattering  topography,  which  the  present  authors  proposed.’  ”'  has  been 
successfully  applied  to,  lattice-mismatched  lictcrocpitaxial  layer  systems,  an  MBE 
(molecular  beam  epitaxy)  grown  InAs  on  OtiAs,  MO-CVD  (metal-organic  chemical  vapor 
deposition)  grown  GaAs  on  Si  and  InP  on  Si.  of  which  systems  have  crystal  mosicitics 
which  gave  a  local  rtKking  curve  of  X-ray  diffraction  as  brrvid  as  several  hundreds  arc  sec 
Since,  for  such  a  ItKally  imperfect  crystal,  conventional  X-ray  diffractirrn  topography  (e  g. 
I^g-camera)  prov  ides  little  signifiCiuit  information.  X-ray  scittcring  topv*graphy  has  been 
applied  to  characterizing  lattice-mismatched  hetcroepitaxial  Itiycr  systems.  Personal 
computer  a,ssislcd  X-ray  scattering  topography  has  enabled  us  to  observ  e  a  quantitative 
orientation  distributirni.  ’  And  crvstallographiciil  correlation  between  the  epitaxial  layers 
and  substrates  have  been  als<*  discussed.’' 

In  this  symposium  wc  rcpvMt  the  depth-sensitive  X-ray  scattering  top«)graph.s  of 
MBE  grown  InAs  tm  GaAs,  owing  to  different  penetration  depth  of  iliffercnt  vlifiraction 
index. 

A  Be -doped  InAs  layer  was  epitaxially  grown  to  a  thickness  of  l.((  pm  by  MBE 
on  C'r-O  doped  GaAs  sulistratc  w hich  has  a  (dOl )  surface  orientation.  I'hc  prcfxircd  layer 
has  indeed  two  small  local  irregularities  clearly  observed  in  an  optical  micrograph,  but 
otherwise  it  is  perfectly  mirrorlike.  Throughout  the  X-ray  experiments  Co  Kr<  radiation 
was  used.  Penetration  depth  of  ({X)4).  (002)  and  ((  >6)  were  calculated  O.fi,  1 .0,  5.8  pm, 
respectively,  by  dynamical  theory.  The  e.xpcrimeii..il  results  present  depth  sensitivity 
depending  on  dlD^erent  diffraction  index. 

1}  Y.  Yoneda  and  Y.  Chikaura,  Z.  Naturfortch,  A37,  412  (1982). 

2)  Y.  Cbikiura,  Y.  Yemedi  and  0.  Hildebrandt,  J,  Cryit.  15,  48  (1982). 

3)  Y.  CMnun  a^  Y.  Takala,  Jpn.  J.  Apel.  Phya.  3^  L378  (199&}. 

4)  Y.  Chikaura  and  Y.Suzuki,  J.  AcpI.  Cryat.  m,  219  (1993). 

5)  Y.  Suzuki,  Y.  Chikaura  and  T.  Akazaki,  Appt.  Phys.  Lett.  58, 1858  (1990). 

6)  Y.  Suzuki  and  Y.  Chikaura,  J.  Appl.  Phys.  70. 1290  (1991). 

7}  Y.  Suzuki,  Y.  Chikaura  and  H.  Kii,  J.  Phys.  D  28.  A86  ( 1993). 


HIGH-RESOLUTION  STUDIES  OF  DOMAINS  IN  CRYSTALS  OF  THE 

KTIOASO4  FAMILY 

S.  J.  Teat*,  P.  A.  Thomas*  &  G.  M.  Loiacono^ 

*  Department  0/  Physics,  University  0/ Warwick,  Coventry.  CV4  7AL,  U,K. 

^  Crystal  Associates  Inc,  Waldwick,  New  Jersey,  07463,  USA. 

The  aim  of  ihis  investigation  is  to  determine  how  crystals  o'  the  potassium  titanyl 
ursena'c,  KTi0As04,  family  can  be  optimi/cd  for  application  in  nonlinear  optical 
devices. 

KT1OASO4  (K.TA)  is  an  analogue  of  the  nonlinear  optical  crystal  KTi0P04  (KTP) 
which  is  widely  used  in  sccond-hannomc  generation  (SHO)  from  Nd:YACi  radiation  at 
1.06  pm  The  initial  work***  on  KTA  suggested  that  it  wxs  superior  to  KTP  for  SHG 
from  Nd;YAG  laser  sources  Howeser,  sub.scqucnl  workers*^*  could  not  reprcxlucc 
these  results.  These  later  failures  to  achieve  the  expected  pcriormance  were  thought  to 
result  from  the  presence  of  ISO  *  (polar)  domains  in  a.s-grown  KTA.  Some  controversy 
raged  about  this  for  a  number  o(  years  with  evidence  for  and  againsi  the  presence  of 
domain.s  being  reported  E^  cntually,  the  original  workers*  **  reported  that  their  results 
had  been  obtained  on  crystals  uniatcntionally  doped  with  1-e'*.  Although  this 
accounted  for  the  unusual  eflicicncy  o|  their  KTA  samples,  much  c»)nlusion  about  the 
nature  ol  the  domain-structure  in  KI  A  crystals  grim  n  Irom  dillcrent  fluxes  m  the 
presence  ol  dillercni  dopants  such  as  In  and  K’.  remains  tixiay 

In  order  to  rcsol\e  the  current  contusion  abt>ut  these  crystals,  high-rcsolution 
diffraction  (rocking  curves  and  reciprocal  space  mapping)  and  topr’graphy  arc  being 
emi^oyed  to  investigate  bcMh  domain  formation  in  particular  and  the  quality  of  the 
crystals  in  general.  The  question  of  whether  or  not  polar  domains  are  present  is 
addressed  by  the  choice  of  reflections  that  arc  particularly  sensitive  to  anomalous 
scattering  at  the  CuKa  wavelength.  The  instrument  used  is  the  Philips  HRD  employing 
a  4-bmince  Bartels  monochromator  set  for  Oe  220  with  tnple-axis  attachment  as  and 
when  required.  The  results  obtained  so  far  are  presented  here  and  discussed  in  the 
ooniextd' the  optical  perfomiance  of  these  materials. 

[1]  J.D  Bieriein,  H.Vanherzeele  A  A.A.Ballman,  Appl.  Phys.  Ijett  54. 783  ( 1989) 

[21  O.M.Loiacono,  D.N.Loiacono,  J.J.Zola,  R.A.Stolzenbergcr,  T. McGee  & 
R.O.Norwood,  Appl.  Phys.  Lett  61.  895  (1992) 

[3]  J.D  Biiiriein,  H.Vunhcrzeelc  A  A.A.Ballman,  Appl.  Phys.  Lett  61, 3193  ( 1992) 
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X-RAY  IN TERFKROMETRIC  COMPUTERIZED  TOMOGRAPHY 


K.G.Trouni  and  L.A.Haroutunyan 

Faculty  of  Physics,  Yerevan  State  University.  Manoukyan 
St.  I,  Yerevan  .175049.  Armenia 

The  possibility  of  diagnostics  of  weak  deformations  of  monocrystals  by  means  of 
computerized  tomography  (CT)  based  on  the  phenomenon  of  dynamical  diffraction  of 
hard  X-rays 

on  crystals  was  considered.  Having  this  aim  in  view,  a  geometrical  optics  of  dynamical 
diffraction  of  X-rays  in  crystals  was  developed  in  the  analogy  with  |11,  but  in  the 
approximation  of  rectilinear  trajectories.  This  essentially  simplified  mathematical 
treatment  of  the  problem  and  allowed  to  apply  early  developed  CT  algorithms  to  other 
interactions  of  radiation  with  a  sample. 

In  the  proposed  scheme  a  spherical  X-ray  wave  is  incident  on  crystalline  plate  oriented 
according  to  Laue  case.  In  X-rays  retlectcd  from  atomic  planes  of  the  crystal,  there  arise 
interference  pattern  (anomalous  Pendellosung  fringes  (2])  which  is  sensitive  to  crystal 
deformation  field. 

As  initial  data  for  CT  serve  a  series  of  above  Pendellosung  fringes  obtained  at  different 
positions  of  X-ray  source.  After  the  calculation  of  space  distributions  of  phase  differences 
in  interfering  beams  a  reconstruction  of  the  initial  deformation  field  is  made  by  using  the 
CT  procedure  of  finite  series  expansion,  witch  was  slightly  modified  based  on  the  features 
of  our  .scheme.  A  computerized  simulation  of  the  experiment  and  further  restoration  of 
crystal  deformation  field  showed  sufficient  accuracy  and  stability  of  the  proposed 
technique  against  imminent  experimental  errors  of  different  types. 

[1]  F.N.Chukhovskii  and  A.A.Shtolbcrg,  Phys.Stat.Sol. 

41  (1970) 815. 

12]  V.V.Aristov,  V.I.Polovinkina,  A.M.Afanas  cv  and 
V.G.Kohn,  Acta  Cryst.  A36  ( 1980)  1002. 
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X-RAY  (JKOMETRICAL  OPTICS  IN  RECTILINEAR  PATH 
APPROXIMATION 


K.G.Trouni,  L.A.Haroutyunyan  and  G.M.Hovani.s.syan 

Faculty  of  Physics,  Yerevan  State  University,  Manoukyan 
St.l,  Yerevan  J75049,  Armenia 

The  geometrical  optics  of  X-ray  diffraction  in  distorted  crystals  was  developed  in  [1.2]. 
Our  derivation  is  analogous  to  that  in  many  respects  except  for  the  fact,  that  in  our  case  the 
cikonal  of  diffracted  rays  is  independent  of  the  crystal  deformation  field.  In  this 
approximation  the  trajectories  of  diffracted  rays  are  rectilinear  and  are  independent  from 
the  displacement  vector  of  the  deformation  field  of  crystals,  of  course,  at  the  expanse  of 
introduction  of  mure  rigid  restrictions  on  crystal  deformations.  However,  these  restrictions 
were  assessed  to  allow  for  deformations  sutTicient  for  essential  change  of  diffracted  beams 
phases  and  those  for  interference  pattern  obtained  from  the  crystal  under  investigation.  We 
have  familiar  ideal  crystal  solutions  with  additional  pha.se  factor  due  to  the  crystal 
deformation.  The  paths  of  rays  as  well  as  their  amplitudes  are  similar  to  those  for  the  ideal 
crystal,  the  additional  phases  equal  to  the  integral  along  the  ray  paths  and  tlepends  from 
displacement  fields.  Calculations  in  geometrical  optics  approximation  and  by  numerical 
integration  of  Takagi's  equations  are  compared. 

1 1 1  V.L.lndcnbom  and  F.N.Chukhovskii,  Usp.Fiz.Nauk  107  (1072)  22‘). 

121  F.N.Chukhovskii  and  A.A.ShtoIbcrg.  Phys.Stat.Sol.  41  ( 1970)  Hl.S. 
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TOPOGRAPHY  METHOD  OF  QUANTITATIVE  STRUCTURE  INVESTI¬ 
GATION  OF  SUPERLATTICES  AND  DISTORTED  CRYSTALS 


E . M , Trukhanov 

Tnstiti2te  of  Semiconductor  Physics,  Academy  of 
Sciences  of  Russia,  Siberian  Branch.  Novosibirsk 


Even  tTu:  nuvst  [joi-I'cct  semiroruiiu-Loi'  att,  i  t'l^s 

( SIJ  aro  usually  ji^rown  with  SI,  ptn'iod  i.nhomoguruvj  t,y  oC 
uhc  Di'tluf  of  r.'<  ac'ross  t.he  siu'faco  of  a  wafoi'  Bouauso  of 
fh;s,  i.ho  dovalopiiieiit,  of  f.ho  ijuanti  t,at,  l  vo  X-i'ay  l.opogia]) 
hy  iMutliod,  known  for  impen’fert  rrystals  |  1  ,  P,  1  ,  befoines 
po;!.':il)lo  Suc'h  a  mot.noii  ivU  ptansonfocl  in  !,ho  ropont,  for 
t.ho  first,  finip. 

In  lI,P)  flu'  infor’iiiat, ion  i-esulfs  from  t,ho  invoKtiga- 
t.ion  of  boliavior  of  t-ho  diffraotion  ''ontunirs  i,n  fopog' 
raplir, .  For-  tuipography  iiieasurannenf  of  an  iinporforf  crys 
fal  ,  fho  uno  of  a  single  reflocfion  c-an  be  Hufficnent,. 
For  SI,  at  least,  S  I’ef leetions  (the  substi’afe  peak  and 
t.wo  SI,  r.a  t,e  1 1  i  ten  )  must,  be  used.  The  met, hod  proposed  ran 
work  for  obse-rvation  and  ca  .i -,‘u  1  at  ion  of  i  nhomogerie  i  ty  of 
d  t-y[)es  of  SL  parameter's  aeross  the  surface  of  the  wal'er 
Those  parainet.ers  ari'  the  SL  aver’age  composition,  taken 
wit,hin  t.lie  SI,  tlnc.-kness,  the  SL,  period,  and  the  SI,  or’ien- 
tat. ion  For  application  of  t,he  method,  t,he  h  i  glr- i  n  tens  i  t,y 
X  ray  source  i  u  reijuired  The  ,Synohrotr'oii  i  rrad  lat  ion 
ccpiipment,  is  tin.'  most,  suit, able. 

it  is  ad  v.'iii  l..■.u':eou.s  to  analyse  SI.  i  nhomogene  i  t,y  in 
t'/u  I  .;t,atpr.'.  I'lnS-ly,  the  ipra  I  '  t.a  1 1  vo  1  y  observal.ion  of  SI. 
st.r'U't.iiro  IS  nect'ssary  A  search  for'  several  surface  ar't.!- 
1.':,  a!,  whioh  t.he  1 1 L  f  1' rac  t,  i  on  contours  are  collap,se(l  [  S,  1  , 

IS  di 'S  1  ra!)  1  e  For  these  areas,  t,hi‘  i  iiliomogeiie  i  t,y  of 
.'•.t, met, lire  pa  fame  t.er.s  is  revealed  t,o  be  often  maximum  The 
second  stage  of  the  analys  js  ('alculation  [ii-ocedur’e  at 
areas  with  maximum  i  nhoinogiuiei  ty  and  at  predetermined 
areas.  The  examples  of  investigations  for  volume  crystal 
and  SL  struct. tire  partamel, ers  by  the  proposed  method  ar'e 
presell  t.eii 

1.  S  Klkuta  et  al  ,Jpn  J  Appl  .  Physics  vS  (19f)6)  p  1047 
Z  E. Trukhanov  et  a  I  Cryst  Res . Technul . v24  (1989)  p.l2b3 
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SYNCHROTRON  DIFFRACTION  TOCOGRAPHY 
ANALYSIS  OF  AlAs/AlGaAs  SUPERLATTICE 


E . M . Trukhanov ,  N . V . Nomerotsky ,  R . M . Amirzhanov 

J  ntit  of  SRWiconductor  Physic^i,  Acndeiiiy  of 

of  Russia,  Ribor'inti  Branch.  Novosihin^k 

ReKults  of  X-ray  diffraction  topography  investig’ati  - 
oriK  of  the  AlAii/Al  Ga  As  Huperlattice  ISL)  grown  by 
MBE  metlHui  cjri  the  (Hit))  GaAn  nub.strate  ar'o  pr’esentiKl .  F'or 
t.opogi  Mijhy  .  tin?  hOO  GaA.s  re f  1  o'* t i on  ar.  well  as  the  SL  aa- 
I'.el’it.e.;  -1,  .i ,  *1  and  i-P  .situated  in  tiie  rieighbordiood  of 

thin  .subi:t,  rfi  t.»-*  lad' 1  lad,  ion  were  lined.  To  enliaiice  t-iie  ni 
t.eii.'-;  1 1 1  en  of  .satellite  peak;;  t.lie  eiiuipinent  of  .Siberian 
.Syrichr'ntn'un  I  ratadi  a t,  i  on  Center  wan  eniplo.yed. 

A  high  1  rrad  lat,  1  (.ni  iiiteti;;  i  t,y  permitted  t,o  I'egiHtrat.e 
t,hi'  .satellit.e  re  t' 1  eel,  i  on  topograjiliM  dii'ec'tly  at,  the  fluo- 
I'e.-'.eein'o  .ser'een  Tliene  ".sereen"  na t,e  1  1  i  t,e  toimgi'aph.s  gave 
po.sn  1  b  1  1  1  ty  t.o  ob;-;erve  the  d  i  f  f  rac  t  i  I'ri  contour;;  moved 
wit,h  .specimen  rot,at,ion  around  the  Bragg  axia  .  In  topog¬ 
raph;;,  reeorded  lusiiig  different  ;;a  tel  1  i.  tea  ,  contoura  mo- 
vi’O  at  variou.s  d  i  root  1  on.-;  and  witdi  v.ariou.s  velocitien.  By 
going  acros.s  t.he  .surface  of  the  .specimen.  the  ob.served 
pi''turr  war  eoti.s  i  ilerabl  y  affected  Theae  effer-ta  allowed 
t.o  ■ 'll' H);',!.'  tin;  ai'ea  ot'  SI,  wil.li  maxiiiiiiiii  d  i  u  t,or  t,  loiu-;  for 
sub.seiiui.'iit,  analynin  and  iiu-ianiiremen t.  procedure  luiing  t.lu.- 
projinr.ed  iii'ddiod  t  see  abstract  liy  Trukhanov  la  till;;  i;-;- 
.s  n  e  ) 

To  calculi-jte  the  SL  diatoi'tKvis  the  aeriea  of  topog- 
raj>h.s  were  m-'g  i ;; t,r;\ ted  on  photojilaten  uaitig  the  aubstr'ate 
reflection  and  the  mentioned  satellites.  Topograph.s  sho¬ 
wing  the  contour  behavior  for  differ’ent  satellites  are 
pr'e.sented  in  the  report.  The  values  of  maximum  variations 
of  SL  per'iod  (l.d  nm)  and  of  average  SL  composition 
(6,6x10“^  at . fraction)  have  been  calculated.  The  values 
of  SL  parameters  were  14fi  nm  for  SL  period  and  0.65 

at. fraction  of  A1  for  average  composition. 


ACCOUNTING  FOR  CORRELATED  ROUGHNESS  EFFECTS 
IN  X-RAY  GRAZING-INCIDENCE  DIFFRACTION 


A.P.Ulyanenkov  and  S. A. Stepanov 

Iiislihilf  for  S'lK'hnr  I’rohlrois,  Miusk  '220050.  Ihpuhliv  of  lirlani.-i 

Rocciilly  tlu>  X-ray  graziiig-iiiridtMKO  difTraction  method  (CID)  has  l)ecn  (“(rectivoly 
applied  to  the  studies  of  synthetic  multilayers  (see,  for  example,  [ij).  It  has  been 
shown  experimentally  that  various  kinds  of  defects  in  multilayc.  can  tie  dislinclly 
measuK.'d  with  (ill).  However,  Iherr'  is  a  lack  of  theoretical  iiiodels.  We  believe  that 
a  iK'w  matrix  approach  for  (U'scription  of  (!!!)  in  multilayers  proposed  in  [2]  can  Ire 
us('d  as  a  basis  for  these  models.  In  particid.ir  this  approach  lias  br'en  exlcnrh'd  for 
uucorrelati'd  interface  roughness  in  multilayei.-,  [iJ], 

In  lh<‘  lu'esent  re|)orl  we  propose'  an  advaix'ed  theory  which  lakes  into  account 
I  h<’  efb',  ts  oi  <ori'elated  roughness.  Our  iix'lluxl  |>rovides  llie  <  ompntat  ion  ol  (III) 
inti’iisilies  with  respect  to  the  rms  interlacial  roughness,  height -height  correlation 
length  and  ami'litiide. 

I  he  (III)  intensities  are  calculated  in  tlu'  tlynamical  diHVaclion  aiiproximal  ion 
<ind  the  correci ions  due  !<'  roughness  are  calciilal.eil  in  I h<’  lirst  Horn  a|)pii)\imal  ion. 
riu'  total  scattering  matrix  has  th<'  form: 


wlu're  (^.‘>1  is  the  linal  sc.iltering  matrix  for  mullilayr'r  slrnclnre  with  micorrelalc'il 
interfacial  i  rughiu'ss  as  in  [il],  ti“  are  tin*  rrrots  of  tin'  dispi'rsion  e(pialion  of  dy¬ 
namical  dilirailion  m  the  //-Ih  layer;  (o  is  ilu'  module  of  the  X  ray  wave  vectm  in 
vacuum;  rr,,  is  the  iiiis  roughness  height  lor  p  lh  inlerfac<’;  is  tin'  nondiagonal 
matrix  element  of  corii-lator  matrix:  i/,„  i.'.jcxpj  |/„  -  '/,.\/  I’lu'  parame 

lers  (,  ,(  ainl  (,•;  are  the  amplitude  and  length  of  corix'lat ions,  respectively;  is  the 
coordinate  ol  //  ih  inlerfacr'.  I  he  limits  of  validity  of  the  Horn  approximation  are 
discussed. 


The  computations  c  arried  out  with  the  rleveloped  computer  inogram  show  that 
CiID  can  be  employed  ns  convenient  tool  for  nondestructive  e'naracterizHtion  of  epi- 
layei"^  thickness  ami  interfacial  roughness  am!  height-height  correlations  between 
microstruct  ures  of  different  interfaces  in  multilayers  anri  siiperlatticr's. 


[Ij  ii  !;han,  I'.l’ietsch,  S.Uugel.  11. Metzger.  .J.lV'isi,  ,).  Appl.  Rhys.  74,  (H)9.'!)  116. 
[2]  :S. A, Stepanov,  Kristallograliya  39,  Nr  ?  (H  M)  in  prr'ss. 

[2]  S.A.Stc'panov  and  IMxohh’r,  submillerl  t')  V  Ai)pl.  Rhys,  (19!)d) 


DETERMINATION  OF  THE  LATTICE  RELAXATION 
OF  NANOSTRUCTURED  SIGE/SI  PILLARS 
BY  HIGH -RESOLUTION  X-RAY  DIFFRACTION 


P.  van  der  Sluls  and  C.W.T.  Bulla -Lieuwma 

Philips  Resssrch  Laboratories ,  Prof.  Holstlaan  4,  5656  AA 
EiniiiOven,  The  Netherlanoi 


Two-dimensional  periodic  arrays  of  pillars  have  gained 
much  interest  in  view  of  the  fabrication  of  nanoacale 
features  in  Si  [1]  .  We  have-  made  Sij.^Ge^  pillars  by  etching 
an  (001)  oriented  Si  wafer  epitaxially  overgrown  with 
Sii,Ge,.  The  pillars  were  etched  to  such  a  depth  that  the 
lower  part  consists  of  Si  and  the  upper  part  (top)  of 
S  i  j  .jGe^ 

We  employed  high-resolution  X-ray  diffraction  to 
obtain  the  periodicity  and  shape  of  the  pillars  and  the 
lattice  parameters  in  the  pillars.  A  Philips  high-ri^soluti- 
on  diffractometer  (HR-1)  was  used  with  four  Ge  ^220)  re¬ 
flections  in  the  monochromator,  tuned  to  the  CuKal  line  at 
0.15406  nm.  For  the  two-dimensional  mapping  a  receiving 
slit  was  used  in  front  of  the  detector  to  obtain  enhanced 
resolution  in  the  diffraction  angle. 

Two-dimensional  maps  near  the  113  and  224  reciprocal 
lattice  points  of  two-dimensional  periodic  arrays  of  small 
(<250  nm)  semiconductor  pillars  were  measured  and  compared 
with  kinematical  diffraction-model  calculations  [2] .  These 
are  based  on  Fourier  transformation  of  the  Si  and  Si^.^Ge^ 
parts  of  the  grating  separately. 

The  periodicity  of  the  grating  is  obtained  from  the 
distance  of  the  satellite  peaks  close  to  the  Bragg  peak 
that  originate  from  the  three-dimensional  periodicity  of 
the  crystal  lattice. 

The  thickness  of  the  Si  and  Si;  ^Ge^  parts  and  width  of 
the  pillars  are  determined  by  matching  the  intensity  of  the 
individual  satellites  and  the  intensity  ratio  of  the  Si  and 
Sii.„Ge„  parts  of  the  diffraction  pattern. 

We  will  show  that  complete  lattice  relaxation  occurs 
in  the  small  (200x200  nm^)  pillars,  whereas  the  lattice  is 
fully  strained  in  large  (10x10  mm^)  pillars. 


[1]  P.B.  Fischer  and  S.Y.  Chou,  Appl .  Phys .  Lett.  62, 
1414  (1993) 

[2]  P.  van  der  Sluis,  J.J.M,  Binsma  and  T.  van  Dongen, 
Appl.  Phys.  Lett.  62,  3186  (1993) 


DYNAMK  At.  TKBQRY  APHLIKD  TO  CRYSTAl.S  Wl  ITI  A 
STATISTICALLY  DF.FORMHD  LAYKR. 

Vaitaajfiati  Guigay 

(h  A.l'.Shuhtuk(n  Imtiluie  of  Cryuallography  RAS.  Lentmk\  pr.  5'^. 

Moscow,  Russia 

(2)  Lahoraloirc  l.ouis  Neel,  CNRS.  (Jrenohle,  frame. 

The  statistical  dynamical  theory  dealing  with  an  homogeneous  distribution 
t)f  microdelects  was  first  profH)scd  by  Kato  (1).  l  ater,  the  angular  distribution 
of  the  diffracted  intensity  was  considered  in  (2) 

X-ray  intensity  diffracted  by  statistically  deformed  crystals  is  usually 
considered  as  the  sum  of  a  coherent  and  an  incoherent  Ij^  components, 
which  can  be  separated  experimentally  by  using  the  technique  of  triple-crystal 
diffractometry  (3).  The  present  work  deals  with  numerical  calculations  of  the 
angular  distribution  of  from  a  crystal  with  a  statistical  distribution  of 
microdefects  located  in  a  surface  layer,  in  the  frame  of  the  theory  developed 
in  (2).  The  lattice  spacing  of  the  layer  was  taken  slightly  different  from  the 
lattice  spacing  of  the  perfect  substrate  (such  a  situation  can  appear  for 
instance  in  the  case  of  epitaxial  growth).  The  statistical  layer  deformation  is 
defined,  according  to  (1)  by  a  static  Debye-W  Her  factor  E  and  a  correlation 
function  g(0-  We  have  used  different  models  for  g(<lf)-  exponential  model 
g(^)=exp(-  141  /r)  and  a  function  corresponding  to  spherical  amorphous 
clusters.  In  our  calculations  of  the  coherent  intensity.  l\.„h  diffracted  by  the 
substrate  and  diffracted  by  the  layer  correspond  to  different  angular 

ranges  because  t)f  the  macro.scopic  deformation  of  the  layer.  Our  results  show 
that  depends  strongly  on  the  value  of  E  and  on  the  value  of  the 
correlation  length  r  Tux  g(4)  only  and  practically  does  not  depend  on  the 
model  of  correlation  function.  The  strong  dependence  on  t  gives  opportunity 
to  determine  t  directly  from  experiment  if  E  is  known.  On  the  contrary  the 
behavior  of  ISgoj,  appears  to  be  strongly  dependent  on  the  form  of  the 
correlation  function  g(4). 

(1)  N.ICato,  Acta  Ctyst.  A36,  763-778,  (1980). 

(2)  VA.Bushuev,  Fiz.Tverd.Tcla  31,  70-78,  (1989);  Sov.Phys.Solid  State  31, 

1877-1882,  (1989). 

(3)  A.lida,  K.Kohra,  Phys  Stat.Sol.(a).  51,  533-542,  (1979). 


X  RAY  STANDING  WAVliS  AND  HIGH  PKIU'ISION  X  RAY 
DIFFRACrriON  IN  RUAI.  CRYSTA3-S.  THHORY  AND 
APPLICATIONS. 

Vaftanyanti  lA..  Kovalchuk  M.V.. 

A.V'.SInihmkov  Institute  of  CrsstalfoKraphv  RAS.  I.eninsks  pr  t  A/om  ow, 

Russia. 

The  X-ray  Standing  Wave  (XSW)  mclhtaJ  nuv\  iv  .1  [XAvcrliil  tool  for 
determining  the  structure  ol  siirlaccs  and  the  [Mtsiiion  i>l  adsntl'cd  atoms  on 
the  top  of  the  crystals.  In  the  most  of  applications  ot  \S\V  metliod  dynamical 
theory  of  X-rav  propagation  m  a  perfect  cr>'stal  is  used  However  tliis  method 
can  be  successfully  applied  also  for  investigation  ol  the  sinicliire  of  the  real 
crystals  for  e.g.  crystals  with  deformed  surface  layers.  It  gives  also  an 
opportunity  to  determine  the  positiott  of  the  impurity  atoms  in  that  structures. 
General  theory  of  XSN\'  method  in  real  crystals  is  presented.  The  possibilities 
of  the  method  are  demonstrated  on  several  examples.  Investigation  rrf  the 
implanted  crystals;  structure  of  Si  crystals  implanted  by  I'e  and  Ni  atoms. 
Investigation  of  artificial  nanometer-scale  materials:  structure  of 
(lnAs)i(GaA8)i  layered  crystals.  Combination  of  XSW  and  High  Precision 
Diffraction  methods  opens  the  possibilities  for  phase  analysis  and  gives  an 
opportunity  for  the  unique  dcicrmination  of  the  prr)file  of  deformation  of  the 
crystal  surface.  Theoretical  results  for  investigation  of  the  bent  crystals  by 
XSW  method  are  also  presented.  There  were  obtained  angular  dependencies 
for  the  secondary  radiation  yield  (photoemission  and  fluorescence)  in  such 
crystals.  The  behaviour  of  the  wavefields  in  the  volume  of  the  curved  crystal 
were  also  investigated. 


THi:  Di:  rr.R.Mi!>iA  I  ION  in  oi  asi-pi.asti(  strains  in  a  crystal 

PLATtBY  THE  SOLI  TION  OE  THE  INVERSE  PROBLEM  OF  THE 
ELASTICm  THEORY  (A  ONE-DIMENSIONAL  CASE). 


A.E.VoloiliiR,  l.L.Smolsky 

Inxlituiv  i/f  ('nsluHt>f:rii/thy  of  HAS,  lemtukii  prnsp.  5V,  t  {"333  Moscim,  Kussut 

A  series  of  plane  wave  topographs  can  be  used  for  the  reconstructing  of  distor¬ 
tion  field  in  a  crystal  plate  In  the  case  of  a  weak  distortion  it  components  m,,  can  be 
calculated  in  the  form  of  halftone  images  from  the  svstcm  of  linear  equations  using 
original  topographic  images  1 1 1 

1  he  »i  ,,  obtained  provide  the  determination  of  a  one-dimensional  distribution  of 
a  predominant  impurity  in  the  plate  Following  authors  of  12)  one  can  obtain  the  solution 
by  the  backward  calculations  using  just  one  of  the  v*„  Analysing  the  solution  we  have 
found  that  the  error  can  reach  a  large  value  especially  for  materials  with  a  high  Poison's 
ratio  In  some  cases,  when  the  transfer  ftinction  for  the  chosen  h  tends  to  zero  the  solu¬ 
tion  may  be  fully  incorrect 

The  consideration  of  the  linearized  inverse  problem  of  the  elasticity  theory  pro¬ 
vides  the  solution  with  a  good  accuracy  if  the  elastic  strain  gradient  is  quite  low  in  pre¬ 
sent  work  the  problem  has  been  solved  for  the  case  of  anisotropy  both  of  the  crystal  and 
point  defect  properties  and  under  assumption  that  the  distortions  are  measured  on  a 
small  (but  non  a  zero)  distance  from  the  sample  surface  The  crystal  plate  has  at  least 
one  elastic  symmetry  plane  parallel  to  the  crystal  surface  then  the  ftinction  of  the  impu¬ 
rity  distribution  f(x)  can  be  represented  as  a  linear  combination  of  at  most  four 
measured  distortion  components 


‘  I  I 

In  a  fully  orthotropic  case  it  requires  of  only  two  m  The  coeflicients  of  the  combi¬ 
nation  are  the  ftinctions  of  the  elastic  properties  of  the  material  and  impurity  Such  a  rep¬ 
resentation  of  / (x)  is  right  for  any  point  of  a  plate  but  just  near  the  plate  surface  the 
error  of  the  solution  is  most  low  The  later  condition  is  suitable  to  the  X-ray  topographs 
made  in  Bragg  geometry  Due  to  the  simplicity  of  the  solution  form  it  also  can  be  ap¬ 
plied  to  local  detecting  of  impurity  concentration  by  means  of  X-ray  difilfactometry  tech¬ 
niques. 

The  estimating  of  the  solution  accuracy  indicates  that  the  error  is  of  the  order  of 

(  t/aY  (here  A  is  a  period  of  impurity  inhomogeneity,  r  -  a  distance  ft-om  the  plate  sur¬ 
face)  and  decrease  with  increasing  of  Poison's  ratio 

References 
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APPLICATIONS  OF  X-RAY  TOPOGRAPHY  OF  SILICON  WAFERS 
IN  AN  INDUSTRIAL  LABORATORY 


S.  W'etren 

IBM  Analysis  Service,  Dept.  0346 

IBM  Produktion  GmbH,  Postfach  266,  71044  Sindelfmgen,  Germany 


The  IBM  Analysis  Service  supports  internal  (e  g.  4  MBit  line  in  Boblingen)  and  external 
customers  in  a  wide  spectrum  of  physical,  chemical  and  metrological  methods  Here, 
typical  applications  of  Single  Crystal  X-ray  Topography  are  presented  to  demonstrate 
the  usefulness  and  benefits  in  supporting  silicon  device  fabrication 

The  RIGAKU  LGL-8  Lang  Camera  with  a  18  kW  rotating  anode,  an  on-line  imaging 
and  warpage  correction  system  is  used  for  rapid  analysis  of  wafers  up  to  200mm 

Dicing  Problem:  severe  edge  chipping  and  rapid  blade  wear  out  occurred  during  dicing 
the  wafers  First,  the  reason  was  believed  to  be  a  new  charge  of  blades  from  a  new 
supplier  But  Topography  could  quickly  reveal  heavy  crystal  damage  as  the  responsible 
factor  Analysis  of  wafers  after  the  most  critical  hot  processes  identified  HIPOX  (High 
Pressure  Oxidation)  as  the  source  of  the  high  dislocation  density 
The  reason  was  a  4  times  higher  take  out  speed  from  an  oven  than  normal  Thus, 
faster  cooling  at  the  wafer  rim  resulted  in  stresses  exceeding  the  yield  point  in  the  middle 
and  dislocations  were  punched  out  at  the  Si/SiOj  interface  (TEM) 

Subsequently,  the  WIP  (Work  in  Process)  was  inspected  with  the  on-line  camera  system 
and  the  aftecied  parts  (lots)  were  routed  to  a  "super  smooth"  dicing  process 

Epi-Wafer  Optimization:  Two  trends  characterize  today's  manufacturing  of  p'p* 

epitaxial  wafers;  a)  Reduction  of  interstitial  oxygen  in  the  p'  bulk  to  increase  the  defect 

ft’ee  zone  under  the  epilayer.  This  results  in  lower  intrinsic  gettering  efficiency  which  is 

counterbalanced  by  extrinsic  gettering  of  defects  introduced  by  backside  sand  blast. 

b)  Replacement  of  batch  epi-reactors  by  single-wafer  reactors  to  increase  the  thruput 

and  to  improve  the  epi  thickness  and  carrier  concentration  profile.  The  first  generation  > 

of  these  reactors  is  plagued  by  a  high  probability  for  slip  generation. 

X-ray  topography  demonstrates  its  versatility  in  detecting  the  above  defects  by 
transmission  and  cross  sectional  imaging.  Especially  in  these  cases  of  low  defect  density 
it  is  superior  to  etching  methods. 
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THE  NUMERICAL  SIMULATION  OP  BRAGG-CASE 
TOPOGRAPHIC  IMAGES  OF  DISLOCATIONS  AND 
PRECIPITATES  IN  GAAS  EPITAXIAL  LAYERS 


W.  WierschowtkP ,  K.  Maiur',  K.  Wietetka^ 

'/rMtitute  of  Electronic  Materials  Technology  01-919  Warsavu,  ul.  Wdlcsyriska  133, 
POLAND 

^Instxtute  of  Atomic  Energy  05-400  Otwoek-^merk  POLAND 

The  numerical  integration  of  Takagi-Taupin  equations  was  used  for  simulation 
of  the  back- reflection  double-crystal  images  of  crystallographic  defects  in  GaAs 
epitaxial  layers.  In  particular,  the  images  of  dislocations  inclined  to  the  surface, 
of  point-like  precipitates  and  misfit  dislocation  crossings  were  studied  in  aspect  of 
their  identification  in  practical  examination  of  epitaxial  layers. 

The  actual  program  used  the  formal  assumption  of  the  finite  crystal  thickness. 
That  allowed  us  to  use  the  integration  grid  with  boundaries  situated  far  from  the 
defects,  and  less  time  consumable  extension  of  the  simulated  area.  The  simulations 
took  into  account  the  diffraction  effects  both  in  the  layer  and  in  the  substrate  and 
diffused  lattice  parameter  profiles.  The  divergence  of  the  beam  was  into  account  by 
adding  of  50-100  plane- wave  images.  That  improved  the  reality  of  the  simuia^^ions 
by  dumping  some  of  the  interference  fringes. 

We  found  that  the  images  of  dislocations,  especially  those  inclined  to  the  sur¬ 
face,  are  dominated  by  the  direct  dilatation-orientation  contrast.  The  similarity 
of  the  contrast  coming  from  Takagi-Taupin  theory  and  that  given  by  Bonse’s  ap¬ 
proximation  was  confirmed.  The  greatest  amount  of  the  interference  effect  was 
observed  for  the  images  of  point-like  defect.  The  difference  of  the  images  taken 
in  equivalent  points  of  the  layer  and  substrate  peak  was  relatively  small  for  the 
dislocations  inclined  to  the  surface. 

The  theoretical  images  were  compared  with  the  experimental  topographs  of 
4-S/im  thick  GaAs  epitajcial  layers  grown  with  MOCVD  technique.  The  GaAs 
substrates  with  low  concentration  of  defects,  topographically  examined  before  the 
growth  process,  were  used.  A  high  perfection  of  the  epitaxial  layers  was  confirmed 
and  most  of  the  dislocation  in  the  layers  was  found  to  be  the  continuation  of  those  in 
the  substrates.  Several  cases  of  good  correspondence  of  simulated  and  experimental 
images  of  dislocations  was  found. 

The  work  was  sponsored  by  The  Polish  Committee  of  Scientific  Researches 
(grant  no.  1130/55). 


THI  TRANSMISSION  DXFPRACTXON  PATTERNS  OP  SILICON  IMPLANTED 
WITH  HIGH  BNBROY  u-PARTICLBS 


R.MlstaskaS  W.K.  Wiariobowaki* 

'  Iflstituta  of  Atomic  Energy  05-400  Otwock-iwiork  POumD 
*  Xastituto  of  Nloetroaic  Matoriaia  Technology,  01-919  ttareaw, 
ui.  Wdlcayaakn  13 J.  POLAHD 

2  nun  thick  silicon  wafers,  implanted  with  4-5  MeV  a- 
particles  are  studied  by  means  of  transmission  diffraction 
topography  including  single-crystal  projection  (i)  and  section 
(ii)  methods  and  transmission  double-crystal  method  (iii). 

It  was  found  that  all  the  three  methods  produced  a 
negligible  contrast  in  the  symmetric  transmission  reflection, 
apart  from  some  fragments  of  the  implanted-area  boundaries.  That 

Joints  to  the  continuity  of  the  lattice  planes  and  the  unchanged 
nterplanar  distance  in  the  case  of  lattice  planes  perpendicular 
to  the  surface  of  the  sample. 

The  distinct  interference  fringes  were  observed  with  all  the 
three  methods  in  the  case  of  asymmetric  reflections.  The 
appearance  of  the  fringes  in  different  methods  and  in  different 
reflections  was  in  general  agreement  with  the  prediction  of  the 
Bonse-Hart  model  (U.  Bonse,  M.  Hartt  phys.  stat.  sol.  (a)  II, 
(1969),  351),  but  some  features  of  the  topographic  image, 

requiring  more  complicated  models,  were  found.  In  particular,  the 
section  topographs  exhibited  the  curvature  of  the  fringes,  which 
may  be  interpreted  as  due  to  the  change  of  the  implanted  ion  dose 
along  the  beam  intersecting  the  crystal. 

The  simulations  of  section  and  double-crystal  topographic 
contrast  were  obtained  using  a  program  based  on  the  numerical 
integration  of  the  Takagi-Taupin  equations.  The  deformation 
field,  confirmed  by  our  previous  investigations  in  the  back- 
reflection  geometry  was  assumed  (K.  Wieteska,  W.  Wierzchowski : 
paper  submitted  to  physics  status  solidi  (a)).  That  assumed  a 
gradual  change  of  the  interplanar  distance  of  the  planes  parallel 
to  the  surface,  according  to  the  function  obtained  using 
Biersack-Ziegler  TRIM-85  program  or  approximated  by  a  fragment 
of  hyperbola. 


CHAriACTERIZATlON  AND  RELAXATION  OF  II- Vl-EFITAXI AL 
SEMK  ONDUCTOR  LAYERS  BY  HIGH  RESOLUTION  X  RAY 

DIFFRACTION 


H.  WiBmann<'\  R.  Schonfeld*'*,  T.  Widnier’'*,  D.  Scliikora*'*, 

M.  V.  Ortenberg<‘'l 

hi.slilut  fi'tr  Unlblf'itrrpln/sik  iiml  Optik,  I'tchnisrhi  I 'tui’i  r.<il<il 
Mrniirl.sMohttsIraJir  liiauiisrhwi  ii/.  dt  rinantj. 

lii.'ililut  fiir  I'hf/sik,  /.(//r.s/ti/i/ /(((■  Xlaipn  totmuspovl ,  lluinhohit- 1  ti  ii'f  rsilal  :u 
lirritu,  Invaltdinslrajii  III).  D-  tl)  1 1  ■'i  Hi  rliii,  di  111111111/ 

riif  witUli  of  a  rockiiiR  I'lirvo  (I''W11M)  is  ollon  iis<’(l  as  an  iiulicaloi  foi  llic  rry- 
slalliiK’  t  ion  of  a  lay<’r.  Uo<  kiiift ciirvc  iiioasiiirnn-nl  s  also  |■l'|l|■<■s(•nl  an  ('I- 

firiaiit.  tool  to  i)tovi(|<'  llic  |i('i pfiniii  nlar  and  tiir  in  pltinc  lal.ln  i'  misniiili  li  lor 
llu'  (Ictcriniiiiil ion  of  strain  [1]  and  for  ol).s«'rvinn  of  a  mlaxal.ion  piocnss.  Inn  onr 
ttHiasiiiH'lin'iil.s  w<>  consti'iicU'd  and  nsod  an  (n.  n,  nO  lliici'crystal  airaii^ciin'nl 
to  invcslinal.o  Zn'lV  and  IV-laycrs,  jiiown  on  a  |t)l)l  )-orii'nlal.od  (iaAs- 

subslralc  a.s  well  willi  luoltHnlar-ln’am-cpilaxy  (MIIF)  as  wil.li  liot-wnillcpilaxy 
(HWH).  Onr  invosligalions  of  this  .snmii'oiidni  l.or  layers  yiehleil  a  lieijeiidinicy  hcl- 
wer’ii  1‘*W1IM  and  layi  r  thickness.  Hccansc  of  llio  lar^’c  lattice  niisinalch  hct.ween 
ZiiT«’  atiil  (!aAs.  we  used  the  icliitions  of  van  der  Slnis  ['2]  which  are  f!,enerell 
arcuiate,  idso  lor  this  hetero-stnict.nres  to  ,u,et  the  perpendicular  lattice  niisinalch 
and  id).scrved  the  clependeiicy  In-tween  relaxation  process  and  layer  tliicknc-ss.  We 
also  compared  Lite  dilfercnt  samplea  grown  with  MUE  and  IIWE. 
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HRXRD  Investigations  on  MOVPE  and  MBE  grown  ZnSe/ GaAs 
and  ZnSea;Tei_x/GaAs  Layers 


K.  Wolf,  S.  Jilka,  W.  Hackl,  M,  Kastner,  H.  Stanzl  and  W.  Ccbhardt 

Institut  fur  Festkorperphysik,  UniversUat  Regensburg,  Universitatsstrafie  3 1 ,  93053  Re~ 
gtnshurg,  Germany 
Key  words:  HRXRD,  ZnSe,  ZnSeTe 

Single  crystalline  ZnSe,  and  ZnSccTci-j,  layers  were  grown  by  metalorganic  vapor  phase 
epitaxy  (MOVPE)  on  (001)  GaAs  substrates.  The  lattice  mismatch  between  epi-layer 
and  substrate  is  -0.27%  for  ZnSc/GaAs  at  a  growth  temperature  of  340‘’C.  The  corre¬ 
sponding  strain  can  be  relaxed  by  the  nuclcaiion  of  misfit  dislocations.  The  crystalline 
quality  and  the  residual  strain  of  the  disturbed  epi-layer  were  investigated  by  measuring 
rocking  curves  with  a  high  resolution  X  ray  diffractometer  consisting  of  a  four  reflec¬ 
tion  monochromator  and  a  two  reflection  analyzer  crystal.  The  two  reflection  crystal  in 
front  of  the  detector  for  analyzing  the  scattered  beam  enables  the  determination  of  the 
scattering  vector  q  by  measuring  the  reflected  intensity  near  rcciporcal  lattice  points 
(RLP).  These  f-scan  maps  allow  to  distinguish  effects  of  mosaicity,  relaxation  and  va¬ 
riations  of  lattice  plane  distances.  Different  kind  of  disturbances  lead  to  a  broadening 
of  the  intensity  distribution  near  a  RLP  in  different  directions  in  reciprocal  space.  A 
mosaic  structure  of  the  layer  causes  a  broadening  of  the  if-scan  intensity  perpendicular 
to  the  according  reciprocal  lattice  vector  (RLV),  whereas  a  variation  of  lattice  plane 
distances  leads  to  a  broadening  in  the  parallel  direction. 

For  ZnSe/GaAs  layers,  the  FWHM- values  of  g-scan  maps  perpendicular  to  the  direc¬ 
tion  of  the  RGP  depends  on  the  degree  of  strain  relaxation  in  the  layer.  A  critical 
thickness  of  220±20nm  and  100±20nm  for  MBE  and  MOVPE  grown  ZnSe/GaAs- 
layers  respectively  was  found.  In  the  direction  parallel  to  the  RLV,  the  FWHM-values 
are  determined  by  inhomogcnitics  of  the  strain  relaxation,  which  depend  on  the  growth 
conditions.  The  FWHM-values  of  rocking  curves  for  the  (004)-rcflection,  which  are 
measured  without  analyzer  crystal  and  the  FWHM-values  of  q-scan  maps  perpendicu¬ 
lar  and  parallel  to  the  RLV  are  independent  from  the  growth  method  for  relaxed  layers 
with  d>lpm  (300",  250"  and  80"). 

Misfit  dislocations  can  be  devided  into  an  interfacial  segment  at  the  layer-substrate- 
interface  and  into  a  threading  segment,  which  penetrates  the  hole  layer.  The  density 
of  the  interfacial  segments  at  the  interface  is  determined  by  the  strain  relaxation, 
and  therefore  of  the  same  vadue  for  relaxed  MBE-  and  MOVPEi-layers  with  d>l^m. 

However  'Plan-view’-TEM-plctures  show  a  higher  density  of  threading  segments  for 
MOVPE-layers  compared  to  MBE)-layers  of  the  same  strun  relaxation.  In  HRXRD- 
maaiuramenta,  the  same  FWHM-valuci  of  (004}-rocking  curves  for  relaxed  layers  are 
observed.  Obviously,  the  broadening  of  the  scattered  X*ray  intensity  for  the  (004)> 
rideetion  is  mainly  influenced  by  interfadal  s^ments. 

For  ZnSe«Tei-«  layers  with  compositions  of  0.2  <  x  <  0.8  grown  on  QaAs(OOl)  a  spon* 
taneous  ordering  (CuPt-streture)  is  observed  similar  to  Ill-V-alloys  as  Ga.Ini..aP. 

This  ordered  structure  causes  a  weak  signal  of  a  (^||)-reflection,  which  is  forbidden 
for  a  random  distribution  of  Se*  and  Te-atoms. 
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FIRST  EXPERIENCE  WITH  HIGH  RESOLUTION  DIFFRACTION 
EXPERIMENTS  ON  BEAMLINE  10  AT  THE  ESRF 


P.Zaumseil  (a).  A.K.Frrund  (b) 

(a)  Instilule  a/ Semicondutiar  f^hysic.y  P.H.  ■409,  15204  /'rankfiirUOder),  (iermany 
(h)  ESRI  \  HE  220,  3H045  ( irenohle  cedex,  hratwe 

In  April  1W4  the  first  high  resolution  diffraction  experiments  were  possible  at  the  three 
axes  diffractometer  on  bcamline  10  (optics  beamline)  at  the  ESRF 
The  X-ray  source  of  this  beamline  (BL)  is  a  bending  magnet  with  a  source  size  of  about 
0  38  X  0  30  mm’  at  a  distance  of  40  m  with  a  total  power  of  224  W  at  100  mA  The 
reflection  plane  of  the  diffractometer  is  horizontal,  following  the  k -polarization  component 
can  be  used  only  Since  at  that  time  the  BL  did  not  contain  any  optical  elements,  the  first 
two  axes  of  the  diffractometer  were  used  to  realize  a  220  double  crystal  monochromator 
An  energy  of  8  05  keV  was  selected  to  have  a  comparison  to  measurements  at  conventional 
X-ray  generators  with  CuK, -radiation 

We  present  the  results  of  measurements  at  100  oriented  Si  wafers  with  pscudomorphic 
SiGe  layers  of  different  thickness  and  Ge  content,  SiGe  multiple  quantum  well  structures, 
and  very  thin  (4  pm  and  I  pm)  Si  crystals  The  400-rocking  curves  obtained  at  BLIO  are 
compared  to  similar  curses  measured  at  a  standard  double  crystal  diffractometer  in  (n,-n) 
setting,  and  at  a  so-called  high  resolution  diffractometer  with  Bartels  monochromator  with 
and  without  channel-cut  analyzer 

Despite  of  different  not  optimal  factors  (  3  reflections  with  n-polarization,  long  beam  path 
in  air  with  relatively  strong  absorption,  dispersive  (n,-n,m)  arrangement,  etc  )  an  intensity 
gain  of  more  than  two  orders  in  comparison  to  typical  parameters  of  conventional  X-ray 
sources  and  difB^ctometers  was  obtained  The  diffractometer  and  the  X-ray  beam  are  very 
stable  Due  to  the  low  horizontal  and  vertical  beam  divergence  no  special  efforts  are 
necessary  to  adjust  the  sample  tilt  and  no  significant  broadening  of  the  rocking  curve  of  the 
Si  substrates  caused  by  the  dispersive  arrangement  was  observed.  The  rocking  curves  idiow 
an  excellent  signai-to-noise  ntio.  This  is  especially  demonstrated  in  much  deeper  mitdma 
of  the  intensity  oscillations  of  layer  structures 

These  first  experiments  showed  that  BLIO  at  ESRF  will  be  a  very  powerAil  Instrument  for 
high  resolution  diffiraction  experiments  especially  affer  flirther  Improvements  of  the  optics 
in  ffont  of  the  diffractometer. 
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INVKSTK'.ATION  OT  STRAINED  INCAAS/GAAS  QliANTUM  \Vi;i,LS  IlY 
ni(;il  RESOLUTION  X-RAY  Dll' ER ACTION 
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*  Univcr.sitiii  I'otsdain,  Iniliiu!  fiir  B'eslkdriwriilnsik.  Am  Nciien  Pahiis  10, 

14415  Bot.'idum 

Thin  siraineil  IiiCjaAs-layeis  are  widely  used  to  dosipii  waveleiiylli  and  electrical 
properties  of  semiconductor  lasers  and  transistors  on  the  basis  ol  (la As, 

These  properties  are  determined  by  the  shape  of  the  quantum  well  ((^Wi  itself,  i.e.  its 
depth,  which  is  given  by  the  In-content,  thickness  and  a  possible  grarling  of  the 
interfaces. 

Furthermore  the  possibility  of  strain  relaxation  has  to  be  taken  into  accout  depending  on 
the  growth  parameters  (deposition  time,  lll/V-ratio  and  substrate  lempeialuie)  and  the 
total  strain.  High  resolution  x-ray  diffraction  (MRXRD)  was  applied  to  Investigate  single 
QWs  with  different  In-content  sandwiched  between  (laAs  using  a  iliffractometer 
equipped  W'ith  a  four  erysial  monochromator. 

The  degree  of  relaxation  can  be  evaluated  by  measuring  the  lattice  paramcteis  parallel 
and  perpendicular  to  the  (001)  sample  surface  using  (004)  and  (I  I.*!)  reflections. 

Using  the  triple  axis  geometry  of  the  diffractometer  the  reeiprocal  space  wais  mapped 
around  the  ((X)4)  rcllection.  Then  the  sample  was  rotated  by  00'  and  the  two  area  scans 
were  compared.  If  the  sample  is  fully  strained  no  difference  is  observed  between  both 
maps.  In  the  case  of  partial  relaxation  one  of  the  maps  shows  a  shift  of  the  layer  peak 
in  the  q^-direction  of  the  reciprocal  space  with  respect  to  the  layer  peak,  whereas  the 
shift  disappears  in  the  bO"  rotated  map. 

The  onset  of  relaxation  by  misfit  dislocations  is  also  detected  in  cathodolummcscencc. 
In  samples  with  a  low  degree  of  relaxation  dark  line  defects  iDLDs)  are  observed  in 
one  [1 101-direction  only.  This  points  to  a  monoclinic  distortion  of  the  lattice  even  in  the 
initial  state  of  relaxation.  That  explanation  is  in  accordance  with  the  area  maps  in  XRD. 
The  experimental  (004)  rocking  curves  were  compared  with  theoretical  ones  using  a 
simulation  with  the  Takagi-Taupin  formulism.  InGaAs-laycr  thickness  d  and  InAs- 
content  x  were  determined  from  the  best  fit  between  the  two  curves.  With  these  results 
the  bund  structure  of  the  QW  can  be  calculated  and  the  obtained  theoretical  values  for 
the  wavelength  are  compared  to  the  measured  PL-wavelength. 

For  smaller  layer  thicknesses  it  was  possible  to  simulate  the  rocking  curve  by  assuming 
sharp  QW- interfaces.  For  thicker  CjWs  a  grading  on  the  upper  interface  has  to  be 
included  to  allow  for  a  good  fit  of  the  measured  rocking  curves.  The  grading  is  caused 
by  In-segregation  on  InGaAs  and  subsequent  incorporation  into  the  next  GaAs  layer. 
The  thickness  of  this  graded  layer  cun  be  assessed  using  synchrotron  X-ray  grazing 
incidence  diffraction.  From  the  simulation  of  the  obtained  curves  the  thickness  of  the 
graded  layer  has  been  estimated  to  be  S  i  nm  for  a  12.5  nm  thick  QW  (x  =0.18). 


UNIVERSAL  ANALYTICAL  TREATMENT 
FOR  MANY -WAVE  X-RAYS  DIFFRACTION  IN  CRYSTAL  PLATE 


I.U.  Zhadenov 

Surface  and  Vacuum  Research  Center 
Kravchenko  str.,8,  Moscow,  117331  Russia 


In  frame  of  dynamical  diffraction  theory  [1]  simple  universal  analytical  solution  of 
problem  of  N-wave  diffraction  of  X-rays  in  crystal  plate  of  arbitrary  thickness  is 
obtained.  The  results  can  be  used  for  effective  direct  numerical  calculations  of 
characteristics  of  mani-wave  diffraction. 

1.  S.L.  Chang,  Multiple  Diffraction  of  X-Rays  in  Crystals, 

Springer-Verlag,  1984 


SOMK  C  RH  KRIA  FOR  MINIMIZING  TliK  HEAT  LOAD  PROBLEM  IN 
Win  I  E  BEAM  TOPOGRAPHY. 

Fedetico  Zoiitone,  Jurgen  Hiiiiwig,  Jusc  Baruchel  and  Andreas  Freund 

EuropL'an  Synchrotron  RuJtnlion  J'acihfy,  IIP.  220  (Irenoblc,  I ‘'ranee 


The  major  drawback  when  working  with  very  intense  beams  like  those  delivered  by 
third  generation  synehrotion  radiation  machines  is  the  huge  atnounl  ol'  power 
impinging  on  the  first  element  encountered  by  the  beam.  This  is  extremely  crucial  for 
the  white  beam  topography  technique,  since  the  first  element  is  the  sample  itself  I'he 
large  beams  normally  used  for  topography  may  reach  power  loads  of  10  W/mm"  or 
more  at  nomial  incidence,  and  may  easily  introduce  some  non  negligible  thennal 
distortions  that  make  the  topographs  meaningless,  or  even  destroy  the  sample  Usually 
the  first  cfi'cct  that  appears  in  the  topographs  is  some  contrast  associated  with  the 
thermally  distorted  area  of  the  sainplc.  Depending  on  the  type  of  material, 
i.c.  conductor  or  insulator,  some  criteria  are  derived  for  both  cares  in  order  to 
minimize  such  undesired  distortions  of  the  ci^stal  'fhesc  concepts  are  also  important 
for  monochromators  which  have  to  deliver  large  homogeneous  beams  One  of  the 
solutions  to  avoid  complicated  cooling  geometnes  is  to  use  thin  crystals 
I'opographical  and  dilTractomctrical  measurements  were  carried  out  in  order  to 
detemiine  the  thermal  distortion  and  the  average  temperature  gradient  for  ditVerent 
filtering  conditions.  1  his  allows  the  mathematical  model  lused  fiir  the  criteria  to  be 
checked  and  the  feasibility  of  the  "thin  crystal"  option  as  a  possible  hard  X-ray 
monochromator  to  be  determined 
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X-  and  yray  detectors 

Photodiode  scintillatian  detector 
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high  scnsilivily  and  wide  dynamic  range 
very  high  counling  tales  up  lo  10'  s  ' 
monitor  and  counting  mode 
high  local  resolution 
integrated  preamplifier 
no  high  supply  voltage  needed 
very  small  size 

linear  and  square  delector  arrays 
customer  designed  developmenls  and 
modilications 
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The  State  of  the  Art  High  Resolution 
X~ray  Characterisation  System 


Bede 


scientific 


Advanced  Monochromator  Design  The  Cleanest  Reciprocal  Space  Maps 


'•-<r 


High  resulution  mode  with  8  bounces  gives 
>50  000  cps  at  4.4"  divergence,  “  4.9  x  10'* 


1  Ugh  intensity  mode  with  4  asymmetric  bounces  gives 
'400  000  cps  at  11.5’'  divergence,  AX/X  =  1.4  x  10'* 


Flexibility 

Precision 

Accuracy 


aQ/A’’  X 10  ) 


speed 


High  Resolution  triple  axis  reciprocal  space  map  of  a 
HEMT  device,  showing  layers  of  good  quality  but 
tilted  with  respect  to  the  substrate. 


For  more  details  and  a  list  of  our  world-wide  representatives,  contact; 

Bede  Scientific  Instr^tmenta.WniitS^^j.Undfl^y  00^  Durham,  DH6  5PF,  U.K, 
tel:  +44  91  377  2476  fax:  +44  91  377  3013  '  email:  Bede.Scfentific(SDurham. AC. UK 


